Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


i 


-,5Si&g(a^3!aftT^:''.^^^fi*^ 


i 


GEOLOGICAL  OBSERVATIONS 


•-■w* 


GEOLOGICAL   OBSERVATIONS 


ON  THE  VOLCANIC  ISLANDS  AND  PARTS  OF  SOUTH  AMERICA 
VISITED  DURING  THE  VOYAGE  OF  H.M.S.  'BEAGLE' 


CHARLES  DARWIN,  M.  A.,  F.  R.  S..  Etc. 


THIRD  EDITION 
WITH  MAPS   AND  ILLUSTRATIONS 


NEW    YORK 
APPLETON    AND    COMPANY 

1897 


MICROfILM  AVAIlABtE 

com   >S^       gj.i       IS1I 


'^.   fl^M.: 

i'.jii.lvj 

^S  g 

JD  f-i-i 

T 

..  i...i 

C.f.3 

PEEFAOE 


TO 


THE    SECOND    EDITION, 


•  Oi 


The  FiBsrr  Edition  of  my  *  Geological  Observations  on 
the  Volcanic  Islands,'  visited  during  the  voyage  of 
H.M.S.  *  Beagle/  under  the  command  of  Capt.  Fitz- 
Roy,  B.N.,  was  published,  with  the  approval  of  the 
Lords  Commissioners  of  Her  Majesty's  Treasury,  in  the 
year  1844 ;  and  my  *  Observations  on  South  America/ 
in  1 846.  As  both  these  works  are  now  out  of  print,  and 
as  I  believe  that  they  still  contain  matter  of  scientific 
value,  it  has  appeared  to  me  advisable  that  they  should 
be  republished.  They  relate  to  parts  of  the  world 
which  have  been  so  rarely  visited  by  men  of  science, 
that  I  am  not  aware  that  much  could  be  corrected  or 
added  from  observations  subsequently  made. 

Owing  to  the  great  progress  which  Geology  has 
made  within  recent  times,  my  views  on  some  few  points 
may  be  somewhat  antiquated ;  but  I  have  thought  it 
best  to  leave  them  as  they  originally  appeared.  In 
order  to  complete  my  account  of  the  Geological  Obser- 


vi  Pre/ace  to  the  Second  Edition. 

vations  made  during  the  royage  of  the  '  Beagle,'  I  will 
here  gi^e  references  to  foar  papers  which  were  fleparately 
published.  First,  '  On  the  Connection  of  certain  Vol- 
canic Phenomena  in  Sonth  America,'  read  in  1838,  and 
pabliahed  in  Volume  V,  of  the  '  Transactions  of  the 
Geological  Society.'  Secondly,  '  On  the  Distribution 
of  the  Erratic  Boulders  and  on  the  contemporaneous 
Stratified  Deposits  of  Sonth  Amcnca,'read  in  1841, and 
pnbliBhed  in  Volume  VI.  of  the  '  Transactions '  of  the 
same  Society.  Thirdly,  '  An  Account  of  the  Fine  Dust 
which  often  falls  on  Vessels  in  the  Atlantic  Ocean :  * 
'Proceedings  of  the  Geological  Society,'  June  4,  1845. 
Fourthly,  on  March  25,  1846,  in  the  same  Journal, 
'On  the  Geology  of  the  Falkland  Islands.' 
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OHAPTEB  L 

8T.   JAOO,  IN  THE  CAPB   DE  VERDE  ARCHIPELAGO. 

Jioeki  cf  the  lowest  ieries. — A  ealeareout  tedimentary  deposit^  with 
recent  ikelUt  altered  hy  the  contact  of  iuperinoumhent  lava^  its  hori" 
tontalUy  and  extent — Subsequent  wleanie  eruptions,  assoeiated  nrith 
caleareous  matter  in  an  earthy  and  fibrous  form^  and  often  enclosed 
within  the  separate  cells  of  the  scorue  ^ Ancient  and  obliterated 
prifiees  of  eruption  of  small  size^DiiHculty  of  tracing  over  a  bare 
plain  recent  streamif  of  lara — Inland  hiVs  cf  more  ancient  volcanic 
roch — decomposed  olivine  in  large  ma»8ft—Feld$pathio  rooks  benrath 
the  upper  crystalline  basaltic  strata —  C/nifttrm  Hruofure  and  form  of 
the  more  anci^it  volcanic  Hilt — Form  of  tlie  valleys  near  the  coast 
— Coftglonerate  now  forming  on  the  sea  bvach. 

The  island  of  St.  Jago  extends  in  a  NNW.  and  SSE. 
direction,  thirty  miles  in  length  by  about  twelve  in 
breadth.  My  observations,  made  during  two  visits,  were 
confined  to  the  southern  portion  within  the  distance  of 
a  few  leagues  from  Porto  Pray  a.  The  country,  viewed 
from  the  sea,  presents  a  varied  outline  :  smooth  conical 
hills  of  a  reddish  colour  (like  Red  Hill  in  the  accompan;  - 
ing  woodcut),*  and  others  less  regular,  flat-topped,  and 
of  a  blackish  colour  (like  A,  B,  C,)  rise  from  successive, 
step- formed  plains  of  lava.  At  a  distance,  a  chain  of 
mountains,  many  thousand  feet  in  height,  traver-^es  the 
interior  of  the  island.  There  is  no  active  volcano  in 
St.  Jago,  and  only  one  in  the  group,  namely  at  Fogo. 

'  The  outline  of  the  coafit,  the  position  of  the  villages,  RtrcamlotH, 
and  of  most  of  the  hills  in  this  w  >odcut.  are  copied  from  the  chart 
ti-.a'le  on  board  H.M.S  *  Leven.*  The  square-toppen  hills  (A,  B  C,i!kc.) 
are  put  in  uicruiy  by  eye,  to  illu;>tnite  my  description. 
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The  island  since  being  inhabited  has  not  suffered  from 
destructive  earthquakes. 

The  lowest  rocks  exposed  on  the  coast  near  Porto 
Praya,  are  highly  crystalline  and  compact ;  they  appe/ar 
to  be  of  ancient,  submarine,  volcanic  origin ;  they  are 
unconformably  covered  by  a  thin,  irregular,  calcareous 
deposit,  abounding  with  diells  of  a  late  tertiary  period ; 
and  this  again  is  capped  by  a  wide  sheet  of  basaltic  lava, 
which  has  flowed  in  successive  streams  fi*om  the  interior 
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of  the  island,  between  the  square-topped  hills  marked 
A,  B,  C,  &c.  Still  more  recent  streams  of  lava  have 
been  erupted  from  the  scattered  cones,  such  as  Red  and 
Signal  Post  Hills.  The  upper  strata  of  the  square- 
topped  hills  are  intimately  related  in  mineralogical 
composition,  and  in  other  respects,  with  the  lowest  series 
of  the  coast-rocks,  with  which  they  seem  to  be  continuous. 
Muieralogical  description  of  the  rocks  of  the  lowest 
series, — These  rocks  possess  an  extremely  varying  char- 
acter ;  they  consist  of  black,  brown  and  gray,  compact, 
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basaltic  bases,  with  numerous  crystals  of  augite,  horn- 
blende, olivine,  mica,  and  sometimes  glassy  feldspar. 
A  common  variety  is  almost  entirely  composed  of  crystals 
of  augite  with  olivine.  Mica,  it  is  known,  seldom  occurs 
where  augite  abounds ;  nor  probably  does  the  present 
case  offer  a  real  exception,  for  the  mica  (at  least  in  my 
best  characterised  specimen,  in  which  one  nodule  of  this 
mineral  is  nearly  half  an  inch  in  length,)  is  as  perfectly 
rounded  as  a  pebble  in  a  conglomerate,  and  evidently 
has  not  been  crystallised  in  the  base,  in  which  it  is  now 
inclosed,  but  has  proceeded  from  the  fusion  of  some  pre- 
existing rock.  These  compact  lavas  alternate  with  tuffs, 
amygdaloids  and  wacke,  and  in  some  places  with  coarse 
conglomerate.  Some  of  the  argillaceous  wackes  are  of 
a  dark  green  colour,  others,  pale  yellowish-green,  and 
others  nearly  white ;  I  was  surprised  to  find  that  some 
of  the  latter  varieties,  even  where  whitest,  fused  into  a 
jet  black  enamel,  whilst  some  of  the  green  varieties 
afforded  only  a  pale  gray  bead.  Numerous  dikes,  con- 
sisting chiefly  of  highly  compact  augitic  rocks,  and  of 
gray  amygdaloidal  varieties,  intersect  the  strata,  which 
have  in  several  places  been  dislocated  with  considerable 
violence,  and  thrown  into  highly-inclined  positions. 
One  line  of  disturbance  crosses  the  northern  end  of 
Quail  Island,  (an  islet  in  the  bay  of  Porto  Praya)  and 
can  be  followed  to  the  mainland.  These  disturbances 
took  place  before  the  deposition  of  the  recent  sediment- 
ary bed  ;  and  the  surface,  also,  had  previously  been 
denuded  to  a  great  extent,  as  is  shown  by  many  trun- 
cated dikes. 

Description  of  the  calcareous  deposit  overlying  the 
foregoing  volcanic  rocks. — This  stratum  is  very  con- 
spicuous from  its  white  colour,  and  from  the  extreme 
regularity  with  which  it  ranges  in  a  horizontal  line  for 
some  miles  along  the  coast.     Its  average  height  aT)ove 
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the  sea,  measured  from  the  npper  line  of  junction  with 
the  snperincnmbent  basaltic  lava,  is  about  sixty  feet ; 
and  its  thickness,  althongh  varying  mnch  from  the 
ineqnalitiee  of  the  underlying  formation,  may  be  esti- 
mated at  abont  twenty  feet.  It  consists  of  qnite  white 
calcareoos  matter,  partly  composed  of  organic  dtibris, 
and  partly  of  a  substance  which  may  be  aptly  compared 
in  appearance  with  mortar.  Fragments  of  rock  and 
pebbles  are  scattered  thronghont  this  bed,  often  fonning, 
especially  in  the  lower  part,  a  conglomerate.  Many 
of  the  fragments  of  rock  are  whitewashed  with  a  thin 
coating  of  calcareous  matter.  At  Quail  Island,  the 
calcareous  deposit  is  replaced  in  its  lowest  part  by  a 
soft,  brown,  earthy  tnfif,  full  of  Turritellte ;  this  is 
covered  by  a  bed  of  pebbles,  passing  into  sandstone,  and 
mixed  with  fragments  of  echini,  claws  of  crabs,  and 
shells ;  the  oyster  shells  still  adhering  to  the  rock  on 
'  which  they  grew.  Numerous  white  balls  appearing  like 
pisolitic  concretions,  from  the  size  of  a  walnut  to  that  of 
an  apple,  are  embedded  in  this  deposit ;  they  usually 
have  a  small  pebble  in  their  centres.  Although  ao  like 
concretions,  a  close  examination  convinced  me  that  they 
were  Nullipone,  retaining  their  proper  forms,  but  with 
their  surfaces  slightly  abraded:  these  bodies  (plants  as 
they  are  now  generally  considered  to  be)  exhibit  under  a 
microscope  of  ordinary  power,  no  traces  of  organisation 
in  their  internal  structure.  Mr.  George  B.  Sowerby 
has  been  so  good  as  to  examine  the  shells  which  I  col- 
lected :  there  are  fourteen  species  in  a  sufficiently  perfect 
condition  for  their  characters  to  be  made  out  with  some 
degree  of  certainty,  and  four  which  can  be  referred  only 
to  their  genera.  Of  the  fourteen  shells,  of  which  a  list 
is  given  in  the  Appendix,  eleven  are  recent  species ;  one, 
though  undescribed,  is  perhaps  identical  with  a  species 
which  I  found  living  in  the  harbour  of  Porto  Prayn ; 
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the  two  remaining  species  are  unknown,  and  have  been 
described  by  Mr.  Sowerby.      Until  the  shells  of  this 
Archipelago  and  of  the  neighbouring  coasts  are  better 
known,  it  would  be  rash  to  assert  that  even  these  two 
latter  shells  are  extinct.     The  number  of  species  which 
certainly  belong   to   existing    kinds,  although   few  in 
number,  are  sufficient  to  show  that  the  deposit  belongs 
to  a  late  tertiary  period.     Prom  its  mineralogical  char- 
acter', from    the   number  and   size   of  the    embedded 
fragments,  and  from  the   abundance   of  Patellae,  and 
other  littoral  shells,  it  is  evident  that  the  whole  was 
accumulated  in  a  shallow  sea,  near  an  ancient  coast-line. 
Efects  produced  hy  the  flowing  of  the  sup&rincum-' 
bent  basaliic   lava  over  the   caica/reoTis  deposit, — ^These 
effects  are  very  curious.     The  calcareous  matter  is  altered 
to  the  depth  of  about  a  foot  beneath  the  line  of  junction ; 
and  a  most  perfect  gradation  can  be  traced,  from  loosely 
aggregated,    small,  particles   of  shells,  corallines,  and 
NuUiporsB,  into  a  rock,  in  which  not  a  trace  of  mechani- 
cal origin  can  be  discovered,  even  with  a  microscope. 
Where  the  metamorphic  change  has  been  greatest,  two 
varieties  occur.      The  first  is  a  hard,  compact,  white, 
fine  grained  rock,  striped  with  a  few  parallel  lines  of 
black  volcanic  particles,  and  resembling  a  sandstone, 
but  which,  upon  close  examination,  is  seen  to  be  crystal- 
lised throughout,  with  the  cleavages  so  perfect  that  they 
can  be  readily  measured  by  the  reflecting  goniometer. 
In  specimens,  where  the  change  has  been  less  complete, 
when  moistened  and  examined  under  a  strong  lens,  the 
most  interesting  gradation  can  be  traced,  some  of  the 
rounded  particles  retaining  their  proper  forms,  and  others 
insensibly  melting  into   the   granulo-<;rystalline  paste. 
The  weathered  surface  of  this  stone,  as  is  so  frequently 
the  case  with  ordinary  limestones,  assumes  a  brick-red 
colour. 
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The  second  metamorphosed  variety  is  likewise  a  hard 
rock,  but  without  any  crystalline  structure.  It  consists 
of  a  white,  opaque,  compact,  calcareous  stone,  thickly 
mottled  with  rounded,  though  regular,  spots  of  a  soft, 
earthy,  ochraceous  substance.  This  earthy  matter  is  of 
a  pale  yellowish-brown  colour,  and  appears  to  be  a  mix- 
ture of  carbouate  of  lime  with  iron ;  it  effervesces  with 
acids,  is  infusible,  but  blackens  under  the  blowpipe,  and 
becomes  magnetic.  The  rounded  form  of  the  minute 
patches  of  earthy  substance,  and  the  steps  in  the  progress 
of  their  perfect  formation,  which  can  be  followed  in  a 
suit  of  specimens,  clearly  show  that  they  are  due  either 
to  some  power  of  aggregation  in  the  earthy  particles 
amongst  themselves,  or  more  probably  to  a  strong  at- 
traction between  the  atoms  of  the  carbonate  of  lime, 
and  consequently  to  the  segi'egation  of  the  earthy  ex- 
traneous matter.  I  was  much  interested  by  this  fact, 
because  I  have  often  seen  quartz  rocks  (for  instance,  in 
the  Falkland  Islands,  and  in  the  lower  Silurian  strata  of 
the  Stiper-stones  in  Shropshire),  mottled  in  a  precisely 
analogous  manner,  with  little  spots  of  a  white,  earthy 
substance  (earthy  feldspar  ?) ;  and  these  rocks,  there 
was  good  reason  to  suppose,  had  undergone  the  action  of 
heat, — a  view  which  thus  receives  confirmation.  This 
spotted  structure  may  possibly  afford  some  indication  in 
distinguishing  those  formations  of  quartz,  which  owe 
their  present  structure  to  igneous  action,  from  those  pro- 
duced by  the  agency  of  water  alone  :  a  source  of  doubt, 
which  I  should  think  from  my  own  experience,  that 
most  geologists,  when  examining  arenaceo-quartzose  dis- 
tricts, must  have  experienced. 

The  lowest  and  most  scoriaceous  part  of  the  lava,  in 
rolling  over  the  sedimentary  deposit  at  the  bottom  of 
the  sea,  has  caught  up  large  quantities  of  calcareous 
matter,  which  now  forms  a  snow-white,  highly  crystalline, 


CHAP.  I. 


Calcareous  Deposit  altered  by  Heat,      g 


basis  to  a  breccia,  including  small  pieces  of  black,  glossy 
scoriae.  A  little  above  this,  where  the  lime  is  less  abun- 
dant, and  the  lava  more  compact,  numerous  little  balls, 
composed  of  spicula  of  calcareous  spar,  radiating  from 
common  centres,  occupy  the  interstices.  In  one  part  of 
Quail  Island,  the  lime  has  thus  been  crystallised  by  the 
heat  of  the  superincumbent  lava,  where  it  is  only 
thirteen  feet  in  thickness ;  nor  had  the  lava  been  origi- 
nally thicker,  and  since  reduced  by  degradation,  as  could 
be  told  from  the  degree  of  cellularity  of  its  surfacte.  I 
have  already  observed  that  the  sea  must  have  been 
shallow  in  which  the  calcareous  deposit  was  accumulated. 
In  this  ca?e,  therefore,  the  carbonic  acid  gas  has  been 
retained  under  a  pressure,  insignificant  compared  with 
that  (a  column  of  water,  1708  feet  in  height)  originally 
supposed  by  Sir  James  Hall  to  be  requisite  for  this 
end :  but  since  his  experiments,  it  has  been  discovered 
that  pressure  has  less  to  do  with  the  retention  of  carbonic 
acid  gas,  than  the  nature  of  the  circumjacent  atmo- 
sphere ;  and  hence,  as  is  stated  to  be  the  case  by  Mr. 
Faraday,*  masses  of  limestone  are  sometimes  fused  and 
crystallised  even  in  common  lime-kilns.  Carbonate  of 
lime  can  be  heated  to  almost  any  degree,  according  to 
Faraday,  in  an  atmosphere  of  carbonic  acid  gas,  without 
being  decomposed ;  and  Gay-Lussac  found  that  frag- 
ments of  limestone,  placed  in  a  tube  and  heated  to  a 
degree,  not  sufficient  by  itself  to  cause  their  decomposi- 
tion, yet  immediately  evolved  their  carbonic  acid,  when 
a  stream  of  common  air  or  steam  was  passed  over  them : 
Gay-Lussac  attributes  this  to  the  mechanical  displace- 
ment of  the  nascent  carbonic  acid  gas.     The  calcareous 

»  I  am  mnch  indebted  to  Mr.  E.  W.  Brayley  in  having  given  me 
the  following  references  to  papers  on  this  subject :  Faraday,  in  the 

•  Edinbargb  New  PhilosophicalJournal/  vol.  xv.  p.  398;  Gay-Lussac, 
in  •  Annales  de  Chem.  et  Phys.,'  torn.  Ixiii.  p.  219,  translated  in  the 

*  London  and  Edinbargb  Philosophical  Magazine,'  vol.  z.  p.  496. 
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matter  beneath  the  lava,  and  especially  that  forming  tb« 
crystalline  spicola  between  the  interstices  of  the  scoria, 
although  heated  in  an  atmosphere  probably  compoeed 
chiefly  of  steam,  coald  not  hare  been  aobjected  to  the 
effects  of  a  passing  stream ;  and  hence  it  is,  perhapn, 
that  they  have  retained  their  carbonic  acid,  under  a 
small  amount  of  pressure. 

The  fragments  of  scorisE,  embedded  in  the  ciystalline 
calcareous  basis,  are  of  a  jet  black  colour,  with  a  glossy 
fracture  like  pitchRtooe.  Their  snrfacee,  however,  are 
coated  with  a  layer  of  a  reddish-orange,  translucent 
substance,  which  can  easily  be  scratched  with  a  knife; 
hence  they  appear  as  if  overlaid  by  a  thin  layer  of  rosin. 
Some  of  the  smaller  fragments  are  partially  changed 
throughout  into  this  substance:  a  change  which  appears 
quite  different  from  ordinary  decomposition.  At  the 
Galapagos  Archipelago  (as  will  be  described  in  a  future 
chapter),  great  bedB  are  formed  of  volcanic  ashes  and 
particles  of  scoria;,  which  have  undergone  a  closely 
aimilar  change. 

The  extent  and  horviontalily  of  the  calcareous  etratum, 
— The  upper  line  of  surface  of  the  calcareous  stratum, 
which  is  so  conspicuous  from  being  quite  white  and  so 
nearly  horizontal,  ranged  for  miles  along  the  coast,  at 
the  height  of  abont  sixty  feet  above  the  sea.  The  sheet 
of  basalt,  by  which  it  is  capped,  is  on  an  average  eighty 
feet  in  thickness.  Westward  of  Porto  Praya  beyond 
Bed  Hill,  the  white  stratum  with  the  superincumbent 
basalt  is  covered  up  by  more  recent  streams.  North- 
ward of  Signal  Post  Hill,  1  could  follow  it  with  my 
eye,  trending  away  for  several  miles  along  the  sea  cliffs. 
The  distance  thus  observed  is  abont  seven  miles ;  but 
I  cannot  doubt  from  its  regularity  that  it  extends  much 
farther.  In  some  ravines  at  right  angles  to  the  coast, 
it  is  seen  gently  dipping  towards  the  sea,  probably  with 
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the  same  inclination  as  when  deposited  round  the 
ancient  shores  of  the  island.  I  found  only  one  inland 
section,  namely,  at  the  base  of  the  hill  marked  A,  where, 
at  the  height  of  some  hundred  feet,  this  bed  was  ex-* 
posed ;  it  here  rested  on  the  usual  compact  augitic  rock 
associated  with  wacke,  and  was  covered  by  the  wide- 
spread sheet  of  modem  basaltic  lava.  Some  exceptions 
occur  to  the  horizontality  of  the  white  stratum :  at 
Quail  Island,  its  upper  surface  is  only  forty  feet  above 
the  level  of  the  sea ;  here  also  the  capping  of  lava  is 
only  between  twelve  and  fifteen  feet  in  thickness ;  on 
the  other  hand,  at  the  NE.  side  of  Porto  Praya 
harbour,  the  calcareous  stratum,  as  well  as  the  rock  on 
which  it  rests,  attain  a  height  above  the  average  level : 
the  inequality  of  level  in  these  two  cases  is  not,  as  I 
believe,  owing  to  unequal  elevation,  but  to  original 
irregularities  at  the  bottom  of  the  sea.  Of  this  fact,  at 
Quail  Island,  there  was  clear  evidence  in  the  calcareous 
deposit  being  in  one  part  of  much  greater  than  the 
average  thickness,  and  in  another  part  being  entirely 
absent;  in  this  latter  case,  the  modern  basaltic  lavas 
rested  directly  on  those  of  more  ancient  origin. 

Under  Signal  Post  Hill,  the  white  stratum  dips 
into  the  sea  in  a  remarkable  manner.  This  hill  is 
conical,  450  feet  in  height,  and  retains  some  traces  of 
having  had  a  crateriform  structure ;  it  is  composed 
chiefly  of  matter  erupted  posteriorly  to  the  elevation  of 
the  great  basaltic  plain,  but  partly  of  lava  of  apparently 
submarine  origin  and  of  considerable  antiquity.  The 
surrounding  plain,  as  well  as  the  eastern  flank  of  this 
-hill,  have  been  worn  into  steep  precipices,  overhanging 
the  sea.  In  these  precipices,  the  white  calcareous 
stnitum  may  be  seen,  at  the  height  of  about  70  feet 
above  the  beach,  running  for  some  miles  both  north- 
ward and  southward  of  the  hill,  in  a  line  appearing  to 
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be  perfectly  horizontal ;  but  for  a  space  of  a  quarter  of 
a  mile  directly  onder  the  hill,  it  dips  into  the  sea  and 
disappears.  On  the  south  side  the  dip  is  gradual,  on 
the  north  side  it  is  more  abrupt,  as  is  shown  in  the 
woodcut.     As  neither  the  calcareous  stratum,  nor  the 
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SIGNAL  POST  HILL. 

A— Ancient  rolcanic  rockx.  B— Caloareons  stratum. 

C— Upper  baadtic  lava. 

superincumbent  basaltic  lava  (as  far  as  the  latter  can  . 
be  distinguished  from  the  more  modem  ejections), 
appear  to  thicken  as  they  dip,  I  infer  that  these  strata 
were  not  originally  accumulated  in  a  trough,  the 
centre  of  which  afterwards  became  a  point  of  eruption ; 
but  that  they  have  subsequently  been  disturbed  and 
bent.  We  may  suppose  either  that  Signal  Post  Hill 
subsided  after  its  elevation  with  the  suiTounding  country, 
or  that  it  never  was  uplifted  to  the  same  height  with  it. 
This  latter  seems  to  me  the  most  probable  alternative, 
for  during  the  slow  and  equable  elevation  of  this  portion 
of  the  island,  the  subterranean  motive  power,  from  ex- 
pending part  of  its  force  in  repeatedly  erupting  volcanic 
matter  from  beneath  this  point,  would,  it  is  likely,  have 
less  force  to  uplift  it.  Something  of  the  same  kind 
seems  to  have  occurred  near  Red  Hill,  for  when  tracing 
upwards  the  naked  streams  of  lava  from  near  Porto 
Pray  a  towards  the  interior  of  the  island,  I  was  strongly 
induced  to  suspect,  that  since  the  lava  had  flowed,  the 
slope  of  the  land  had  been  slightly  modified,  either  by  a 
small  subsidence  near  Red  Hill,  or  by  that  portion  of 
the  plain  having  been  uplifted  to  a  less  height  during 
the  elevation  of  the  whole  area. 
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Tlie  basaltic  lava,  superincurnbent  on  the  calcareous 
deposit. — This  lava  is  of  a  pale  gray  colour,  fusing 
into  a  black  enamel;  its  fracture  is  rather  earthy 
and  concretionary  ;  it  contains  olivine  in  small  grains. 
The  central  parts  of  the  mass  are  compact,  or  at  most 
(^renulated  with  a  few  minute  cavities,  and  are  often 
columnar.  At  Quail  Island  this  structure  was  assumed 
in  a  striking  manner;  the  lava  in  one  part  being 
divided  into  horizontal  laminaa,  which  became  in  another 
part  split  by  vertical  fissures  into  five-sided  plates ;  and 
these  again,  being  piled  on  each  other,  insensibly 
became  soldered  together,  forming  fine  symmetrical 
columns.  The  lower  surface  of  the  lava  is  vesicular, 
but  sometimes  only  to  the  thickness  of  a  few  inches ; 
the  upper  surface,  which  is  likewise  vesicular,  is  divided 
into  balls,  frequently  as  much  as  three  feet  in  diameter, 
made  up  of  concentric  layers.  The  mass  is  composed  of 
more  than  one  stream  ;  its  total  thickness  being,  on  an 
average,  about  eighty  feet :  the  lower  portion  has  cer- 
tainly flowed  beneath  the  sea,  and  probably  likewise  the 
upper  portion.  The  chief  part  of  this  lava  has  flowed 
from  the  central  districts,  between  the  hills  marked 
A,  B,  C,  &c.  in  the  woodcut-map.  The  surface  of  the 
country,  near  the  coast,  is  level  and  barren  ;  towards 
the  interior,  the  land  rises  by  successive  terraces,  of 
which  four,  when  viewed  from  a  distance,  could  be 
distinctly  counted. 

Volcanic  ervptions  svJtsequent  to  the  elevation  of 
tlie  coa^tland;  the  ejected  matter  associated  with  earthy 
lime, — These  recent  lavas  have  proceeded  from  those 
scattered,  conical,  reddish-coloured  hills,  which  rise 
abruptly  from  the  plain-country  near  the  coast.  I 
ascended  some  of  them,  but  will  describe  only  one, 
namely.  Red  Hill^  which  may  serve  as  a  ty|:)e  of  its  class, 
and  is  remarkable  in  some  especial  respects.     Its  height 
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is  about  600  feet ;  it  is  composed  of  bright  red,  highly 
scoriaceous rock  of  a  basaltic  nature;  od  one  side  of  ita 
summit  there  is  a  hollow,  probably  the  last  remDant  of 
a  crater.  Several  of  the  other  hills  of  this  class,  judging 
from  their  external  forms,  are  surmounted  by  much 
more  perfect  craters.  When  sailing  along  the  coast,  it 
was  evident  that  a  considerable  body  of  lava  had  flowed 
from  Red  Hill,  over  a  line  of  cliff  about  120  feet  in 
height,  into  the  sea :  this  line  of  cliff  is  continuous 
with  that  forming  the  coast,  and  bounding  the  plain  on 
both  sides  of  this  hill ;  these  streams,  therefore,  were 
erupted,  after  the  formation  of  the  coast-cliffs,  from 
Red  Hill,  when  it  must  have  stood,  as  it  now  does, 
above  the  level  of  the  sea.  This  conclusion  accords 
with  the  highly  scoriaceous  condition  of  all  the  rock  on 
it,  appearing  \a  be  of  subaerial  formation ;  and  this  is 
important,  as  there  are  some  beds  of  calcareous  matter 
□ear  its  summit,  which  might,  at  a  hasty  glance,  have 
been  mistaken  for  a  submarine  deposit.  These  beds 
consist  of  white,  earthy,  carbonate  of  lime,  extremely 
friable  so  as  to  be  crushed  with  the  least  pressure ;  the 
most  compact  specimens  not  resisting  the  strength  of 
the  fingers.  Some  of  the  masses  are  as  white  as  quick- 
lime, and  appear  absolutely  pure ;  but  on  examining 
them  with  a  lens,  minute  particles  of  scorijo  can  always 
be  seen,  and  I  could  find  none  which,  when  dissolved  in 
acids,  did  not  leave  a  residue  of  this  nature.  It  is, 
moreover,  difficult  to  find  a  particle  of  the  lime  which 
does  not  chauge  colour  under  the  blowpipe,  most  of 
them  even  becoming  glazed.  The  scoriaceous  frag- 
ments and  the  calcareous  matter  are  associated  in  the 
most  irregular  manner,  sometimes  in  obscure  beds,  but 
more  generally  as  a  confused  breccia,  the  lime  in  some 
parts  and  the  scorite  in  others  being  most  abundant. 
Sir  H.  De  la  Beche  has  been  bo  kind  as  to  have  some  of 
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the  purest  specimens  analysed,  with  a  view  to  discover, 
con;sidering  their  volcanic  origin,  whether  they  con- 
tained much  magnesia ;  but  only  a  small  portion  was 
found,  such  as  is  present  in  most  limestones. 

Fragments  of  the  scorisB  embedded  in  the  calcareous 
mass,  when  broken,  exhibit  many  of  their  cells  lined 
and  partly  filled  with  a  white,  delicate,  excessively 
fragile,  moss-like,  or  rather  conferva-like,  reticulation 
of  carbonate  of  lime.  These  fibres,  examined  under  a 
lens  of  one-tenth  of  an  inch  focal  distance,  appear 
cylindrical ;  they  are  rather  above  the  -nyVrr  of  an  inch 
in  diameter ;  they  are  either  simply  branched,  or  more 
commonly  united  into  an  irregular  mass  of  net-work, 
with  the  meshes  of  very  unequal  sizes  and  of  unequal 
numbers  of  sides.  Some  of  the  fibres  are  thickly 
covered  with  extremely  minute  spicula,  occasionally 
aggregated  into  little  tufts ;  and  hence  they  have  a 
hairy  appearance.  These  spicula  are  of  the  same  dia- 
meter throughout  their  length ;  they  are  easily  detached, 
80  that  the  object-glass  of  the  microscope  soon  becomes 
scattered  over  with  them.  Within  the  cells  of  many 
fragments  of  the  scoriaB,  the  lime  exhibits  this  fibrous 
structure,  but  generally  in  a  less  perfect  degree.  These 
cells  do  not  appear  to  be  connected  with  one  another. 
There  can  be  no  doubt,  as  will  presently  be  shown,  that 
the  lime  was  erupted,  mingled  with  the  lava  in  its  fluid 
state  ;  and  therefore  I  have  thought  it  worth  while  t/O 
describe  minutely  this  curious  fibrous  structure,  of  which 
J  know  nothing  analogous.  From  the  earthy  condition 
of  the  fibres,  this  structure  does  not  appear  to  be  1  elated 
to  cryBtallis<ition. 

Other  fragments  of  the  sooriaceous  rock  from  this 
hill,  when  broken,  are  often  seen  marked  with  short  and 
irregular  white  streaks,  which  are  owing  to  a  row  of 
separate  cells  being  partly,  or  quite,  filled  with  white 
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calcareous  powder.  This  structure  immediately  re- 
minded me  of  the  appearance  in  badly  kneaded  dough, 
of  balls  and  drawn-out  streaks  of  flour,  which  have  re- 
mained unmixed  with  the  paste ;  and  I  cannot  doubt 
that  small  masses  of  the  lime,  in  the  same  manner  re- 
maining unmixed  with  the  fluid  lava,  have  been  drawn 
out  when  the  whole  was  in  motion.  I  carefully  ex- 
amined, by  trituration  and  solution  in  acids,  pieces  of 
the  scorias,  taken  from  within  half-an-inch  of  those  cells 
which  were  filled  with  the  calcareous  powder,  and  they 
did  not  contain  an  atom  of  free  lime.  It  is  obvious 
that  the  lava  and  lime  have  on  a  large  scale  been  very 
imperfectly  mingled ;  and  where  small  portions  of  the 
lime  have  been  entangled  within  a  piece  of  the  viscid 
lava,  the  cause  of  their  now  occupying,  in  the  form  of 
a  powder  or  of  a  fibrous  reticulation,  the  vesicular 
cavities,  is,  I  think,  evidently  due  to  the  confined  gases 
having  most  readily  expanded  at  the  points  wjj^ere  the 
incoherent  lime  rendered  the  lava  less  adhesive. 

A  mile  eastward  of  the  town  of  Praya,  there  is 
a  steep-sided  gorge,  about  150  yards  in  width,  cutting 
through  the  basaltic  plain  and  underlying  beds,  but 
since  filled  up  by  a  stream  of  more  modem  lava.  This 
lava  is  dark  gray,  and  in  most  parts  compact  and  rudely 
columnar;  but  at  a  little  distance  from  the  coast,  it 
includes  in  an  irregular  manner  a  brecciated  mass  of 
red  scoriae  mingled  with  a  considerable  quantity  of 
white,  friable,  and  in  some  parts,  nearly  pure  earthy 
lime,  like  that  on  the  summit  of  Red  Hill.  This  lava, 
with  its  entangled  lime,  haS  certainly  flowed  in  the 
form  of  a  regular  stream ;  and,  judging  from  the  shape 
of  the  gorge,  towards  which  the  drainage  of  the  country 
(feeble  though  it  now  be)  still  is  directed,  and  from  the 
appearance  of  the  bed  of  loose  water-worn  blocks  with 
their   interstices  unfilled,  like  those  in  the   bed  of  a 
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torrent,  on  which  the  lava  rests,  we  may  conclude  that 
the  stream  was  of  subagrial  origin.  I  was  unable  to 
trace  it  to  its  source,  but,  from  its  direction,  it  seemed 
to  have  come  from  Signal  Post  Hill,  distant  one  mile 
and  a  quarter,  which,  like  Red  Hill,  has  been  a  point 
of  eruption  subsequently  to  the  elevation  of  the  great 
basaltic  plain.  It  accords  with  this  view,  that  I  found 
on  Signal  Post  Hill,  a  mass  of  earthy,  calcareous  matter 
of  the  same  nature,  mingled  with  scorieB.  I  may  here 
observe  that  part  of  the  calcareous  matter  forming  the 
horizontal  sedimentary  bed,  especially  the  finer  matter 
with  which  the  embedded  fragments  of  rock  are  white- 
washed, has  probably  been  derived  from  similar  volcanic 
eruptions,  as  well  as  from  triturated  organic  remains : 
the  underlying,  ancient,  crystalline  rocks,  also,  are  as- 
sociated with  much  carbonate  of  lime,  filling  amygda- 
loidal  cavities,  and  forming  irregulHr  masses,  the  nature 
of  which  latter  I  was  unable  to  understand. 

Consideiing  the  abundance  of  earthy  lime  near  the 
summit  of  Red  Hill,  a  volcanic  cone  600  feet  in  height, 
of  subaSrial  growth, — considering  the  intimate  manner 
in  which  minute  particles  and  large  masses  of  scorias 
are  embedded  in  the  masses  of  nearly  pure  lime,  and 
on  the  other  hand,  the  manner  in  which  small  kernels 
and  streaks  of  the  calcareous  powder  are  included  in 
solid  pieces  of  the  scoriae, — considering,  also,  the  similar 
occurrence  of  lime  and  scoriae  within  a  stream  of  lava, 
also  supposed,  with  good  reason,  to  have  been  of  modern 
subaerial  origin,  and  to  have  flowed  from  a  hill,  where 
earthy  lime  also  occurs:  I  think,  considering  these 
facta,  there  can  be  no  doubt  that  the  lime  has  been 
erupted,  mingled  with  the  molten  lava.  I  am  not 
aware  that  any  similar  case  has  been  described  :  it 
appears  to  me  an  interesting  one,  inasmuch  as  most 
geologists    must    have     speculated    on    the    probable 
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effects  of  a  volcauic  focus,  bursting  fclirougli  deep-seated 
beds  of  different  mineralogical  composition.  The  great 
abundance  of  free  silex  in  the  trachytes  of  some  coun- 
tries (as  described  by  Beudant  in  Hungary,  and  by 
P.  Scrope  in  the  Panza  Islands),  perhaps  solves  the  en- 
quiry with  respect  to  deep-seated  beds  of  quartz ;  and 
we  probably  here  see  it  answered,  where  the  volcanic 
action  has  invaded  subjacent  masses  of  limestone.  One 
is  naturally  led  to  conjecture  in  what  state  the  now 
earthy  carbonate  of  lime  existed,  when  ejected  with  the 
intensely  heated  lava :  from  the  extreme  cellularity  of 
the  scoriaB  on  Red  Hill,  the  pressure  cannot  have  been 
great,  and  as  most  volcanic  eruptions  are  accompanied 
by  the  emission  of  large  quantities  of  steam  and  other 
gases,  we  here  have  the  most  favourable  conditions, 
according  to  the  views  at  present  entertained  by 
chemists,  for  the  expulsion  of  the  carbonic  acid.*  Has 
the  slow  re-absorption  of  this  gas,  it  may  be  asked, 
given  to  the  lime  in  the  cells  of  the  lava,  that  peculiar 
fibrous  structure,  like  that  of  an  efflorescing  salt  ? 
Finally,  I  may  remark  on  the  great  contrast  in  appear- 
ance between  this  earthy  lime,  which  must  have  been 
heated  in  a  free  atmosphere  of  stenm  and  other  gases, 
with  the  white,  crystalline,  calcareous  spar,  produced  by 
a  single  thin  sheet  of  lava  (as  at  Quail  Island)  rolling 
over  similar  earthy  lime  and  the  debris  of  organic 
remains,  at  the  bottom  of  a  shallow  sea. 

Signal   Post    Hill. — This    hill    has    already    been 

*  Whilst  deep  beneath  the  surface,  the  carbonate  of  lime  was,  I 
presume,  in  a  fluid  etate.  Hulton,  it  is  known,  thought  that  all 
ainygdaloids  were  produced  by  drops  of  molten  limestone  floating 
in  the  trap,  like  oil  in  water:  tids  no  doubt  is  erroneous,  but  if  the 
matter  forming  the  summit  of  Red  Hill  had  been  cooled  under  the 
pressure  of  a  moderately  deep  sea,  or  within  the  walls  of  a  dike, 
we  should,  in  all  probability,  have  had  a  trap  rock  associated  with 
large  masses  of  compact,  crystalline,  calcareous  spar,  which,  accord- 
ing to  the  views  entertained  by  many  geologists,  would  have  been 
wrongly  attributed  to  subsequent  intiltration. 
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several  times  mentioned,  especially  with  reference  to 
the  remarkable  manner  in  which  the  white  calcareous 
stratum,  in  other  parts  so  horizontal  (Woodcut  No.  2), 
dips  under  it  into  the  sea.  It  is  a  broad  summit,  with 
obscure  traces  of  a  crateriform  structure,  and  is  com- 
posed of  basaltic  rocks,*  some  compact,  others  highly 
cellular,  with  inclined  beds  of  loose  scoriae,  of  which 
some  are  associated  with  earthy  lime.  Like  Red  Hill, 
it  has  been  the  source  of  eruptions,  subsequently  to  the 
elevation  of  the  surrounding  basaltic  plain ;  but  unlike 
that  hill,  it  has  undergone  considerable  denudation, 
and  has  been  the  seat  of  volcanic  action  at  a  remote 
period,  when  beneath  the  sea.  I  judge  of  this  latter 
circumstance  from  finding  on  its  inland  flank  the  last 
remnants  of  three  small  points  of  eruption.  These 
points  are  composed  of  glossy  scorisB,  cemented  by 
crystalline  calcareous  spar,  exactly  like  the  great  sub- 
marine calcareous  deposit,  where  the  heated  lava  has 
rolled  over  it :  their  demolished  state  can,  I  think,  be 
explained  only  by  the  denuding  action  of  the  waves  of 
the  sea.  I  was  guided  to  the  first  orifice  by  observing 
a  sheet  of  lava,  about  200  yards  square,  with  steepish 
sides,  superimposed  on  the  basaltic  plain,  with  no  adjoin- 
ing hillock,  whence  it  could  have  been  erupted ;  and 
the  only  trace  of  a  crater  which  I  was  able  to  discover, 
consisted  of  some  incline^  beds  of  scoriae  at  one  of  its 
comers.  At  the  distance  of  fifty  yards  from  a  second 
level-topped  patch  of  lava,  but  of  much  smaller  size,  I 

'  Of  these,  one  common  variety  is  remarkable  for  being  full  of 
small  fragments  of  a  dark  jasper-red  earthy  mineral,  which,  when 
examined  carefnlly,  shows  an  indistinct  cleavage ;  the  little  frag- 
ments are  elongated  in  form,  are  soft,  are  magnetic  before  and  after 
being  heated,  and  fuse  with  difficulty  into  a  dull  enan:el.  This 
mineral  is  evidently  closely  related  to  the  oxides  of  iron,  but  I 
cannot  ascertain  what  it  exactly  is.  The  rock  containing  thif) 
mineral  is  crenulated  with  small  angular  cavities,  which  are  li  aed 
and  filled  with  yellowish  crystals  of  carbonate  of  lime. 
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found  an  irregular  circular  group  of  masses  of  cemented, 
Bcoriaceous  breccia,  about  six  feet  in  height,  which 
doubtless  had  once  formed  the  point  of  eruption.  The 
third  orifice  is  now  marked  only  by  an  irregular  circle 
of  cemented  scoriae,  about  four  yards  in  diameter,  and 
rising  in  its  highest  point  scarcely  three  feet  above  the 
level  of  the  plain,  the  surface  of  which,  close  all  round, 
eichibits  its  usual  appearance :  here  we  have  a  hori- 
zontal basal  section  of  a  volcanic  spiracle,  which,  to- 
gether with  all  its  ejected  matter,  has  been  almost 
totally  obliterated. 

The  stream  of  lava,  which  fills  the  narrow  gorge  ^ 
eastward  of  the  town  of  Praya,  judging  from  its  course, 
seems,  as  before  remarked,  to  have  come  from  Signal 
Post  Hill,  and  to  have  flowed  over  the  plain,  after  its 
elevation :  the  same  observation  applies  to  a  stream 
(possibly  part  of  the  same  one)  capping  the  sea  cliffs,  a 
little  eastward  of  the  gorge.  When  I  endeavoured  to 
follow  these  streams  over  the  stony  level  plain,  which  is 
almost  destitute  of  soil  and  vegetation,  I  was  much 
surprised  to  find,  that  although  composed  of  hard 
basaltic  matter,  and  not  having  been  exposed  to  marine 
denudation,  all  distinct  traces  of  them  soon  become 
utterly  lost.  But  I  have  since  observed  at  the  Gala- 
pagos Archipelago,  that  it  is  often  impossible  to  follow 
even  great  deluges  of  quite  recent  lava  across  older 
streams,  except  by  the  size  of  the  bushes  growing  on 
them,  or  by  the  comparative  states  of  glossiness  of  their 
surfaces, — characters  which  a  short  lapse  of  time  would 
be  sufficient  quite  to  obscure.  I  may  remark,  that  in  a 
country,  with  a  dry  climate,  and  with  the  wind  blowing 

*  The  sides  of  this  gorge,  where  the  upper  basaltic  stratum  is 
intersected,  are  almost  perpendiculeir.  The  lava,  which  has  since 
filled  it  up,  is  attached  to  these  sides,  almost  as  firmly  as  a  dike  is  to 
its  walls.  In  most  cases,  where  a  stream  of  lava  has  flowed  down  a 
valley,  it  is  bounded  on  each  side  by  loose  scoriaceous  masses. 
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always  in  one  direction  (as  at  the  Cape  de  Verde  Archi- 
pelago), the  effects  of  atmospheric  degradation  are  pro- 
bably much  greater  than  would  at  first  be  expected ; 
for  soil  in  this  case  accumulates  only  in  a  few  protected 
hollows,  and  being  blown  in  one  direction,  it  is  always 
travelling  towards  the  sea  in  the  form  of  the  finest  dust, 
leaving  the  surface  of  the  rocks  bare,  and  exposed  to 
the  full  effects  of  renewed  meteoric  action. 

Inland  hiUs  of  more  ancient  volcanic  rocks. — ^These 
hills  are  laid  down  by  eye,  and  marked  as  A,  B,  C,  &c., 
in  the  woodcut>-map.  They  are  related  in  mineralogical 
composition,  and  are  probably  directly  continuous  with 
the  lowest  rocks  exposed  on  the  coast.  These  hills, 
viewed  firom  a  distance,  appear  as  if  they  had  once 
formed  part  of  an  irregular  table-land,  and  from  their 
corresponding  structure  and  composition  this  probably 
has  been  the  case.  They  have  flat,  slightly  inclined 
summits,  and  are,  on  an  average,  about  600  feet  in 
height ;  they  present  their  steepest  slope  towards  the 
interior  of  the  island,  from  which  point  they  radiate 
outwards,  and  are  separated  from  each  other  by  broad 
and  deep  valleys,  through  which  the  great  streams  of 
lava,  forming  the  coast-plains,  have  descended.  Their 
inner  and  steeper  escarpments  are  ranged  in  an  ir- 
regular curve,  which  rudely  follows  the  line  of  the  shore, 
two  or  three  miles  inland  from  it.  I  ascended  a  few  of 
these  hills,  and  from  others,  which  I  was  able  to  examine 
with  a  telescope,  I  obtained  specimens,  through  the 
kindness  of  Mr.  Kent,  the  assistant-surgeon  of  the 
*  Beagle ';  although  by  these  means  I  am  acquainted  with 
only  apart  of  the  range,  five  or  six  miles  in  length,  yet 
I  scarcely  hesitate,  from  their  uniform  structure,  to 
affirm  that  they  are  parts  of  one  great  formation,  stretch- 
ing round  much  of  the  circumference  of  the  island. 

The   upper  and  lower  strata  of  these   hills  differ 
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greatly  in  oomposition.  The  upper  are  basaltic,  gener- 
ally compact,  but  sometimes  scoriaceoos  and  amygda- 
loidal,  with  associated  masses  of  wacke :  where  the  basalt 
is  compact,  it  is  either  fine-grained  or  very  coarsely 
crystallised ;  in  the  latter  case  it  passes  into  an  angitic 
rock,  containing  much  olivine;  the  olivine  is  either 
colourless,  or  of  the  nsnal  yellow  and  doll  reddish 
shades.  On  some  of  the  hills,  beds  of  calcareous  matter, 
both  in  an  earthy  and  in  a  crystalline  form,  including 
fragments  of  glossy  scoriss,  are  associated  with  the 
basaltic  strata.  These  strata  differ  from  the  streams  of 
basaltic  lava  forming  the  coast-plains,  only  in  being 
more  compact,  and  in  the  crystals  of  angite,  and  in  the 
grains  of  olivine  being  of  much  greater  size ; — characters 
which,  together  with  the  appearance  of  the  associated 
calcareous  beds,  induce  me  to  believe  that  they  are  of 
submarine  formation. 

Some  considerable  masses  of  wacke,  which  are 
associated  with  these  basaltic  strata,  and  which  likewise 
occur  in  the  basal  series  on  the  coast,  especially  at 
Quail  Island,  are  curious.  They  consist  of  a  pale 
yellowish-green  argillaceous  substance,  of  a  crumbling 
texture  when  dry,  but  unctuous  when  moist :  in  its 
purest  form,  it  is  of  a  beautiful  green  tint,  with 
translucent  edges,  and  occasionally  with  obscure  traces 
of  an  original  cleavage.  Under  the  blowpipe  it  fuses 
very  readily  into  a  dark  gray,  and  sometimes  even  black 
bead,  which  is*  slightly  magnetic.  From  these  char- 
acters, I  naturally  thought  that  it  was  one  of  the  pale 
species,  decomposed,  of  the  genus  augite ;  —a  conclusion 
supported  by  the  unaltered  rock  being  full  of  large 
separate  crjstals  of  black  augite,  and  of  balls  and 
irregular  streaks  of  dark  gray  augitic  rock.  As  the 
basalt  ordinarily  consists  of  augite,  and  of  olivine  often 
tarnished  and  of  a  dull  red  colour,  I  was  led  to  examine 
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the  stages  of  decomposition  of  this  latter  mineral,  and 
1  fonnd,  to  my  surprise,  that  I  could  trace  a  nearly 
perfect  gradation  from  unaltered  olivine  to  the  green 
wacke.  Part  of  the  same  grain  under  the  blowpipe 
would  in  some  instances  behave  like  olivine,  its  colour 
l>eing  only  slightly  changed,  and  part  would  give  a 
black  magnetic  bead.  Hence  I  can  have  no  doubt  that 
the  greenish  wacke  originally  existed  as  olivine ;  but 
great  chemical  changes  must  have  been  effected  during 
the  act  of  decomposition  thus  to  have  altered  a  very 
hard,  transparent,  infusible  mineral,  into  a  soft,  unctu- 
ous, easily  melted,  argillaceous  substance.* 

The  basal  strata  of  these  hills,  as  well  as  some 
neighbouring,  separate,  bare,  rounded  hillocks,  consist 
of  compact,  fine-grained,  non-crystalline  (or  so  slightly 
as  scarcely  to  be  perceptible,)  ferruginous  feldspathic 
rocks,  and  generally  in  a  state  of  semi-decomposition. 
Their  fracture  is  exceedingly  irregular,  and  splintery ; 
yet  small  fragments  are  often  very  tough.  They 
contain  much  ferruginous  matter,  either  in  the  form  of 
minute  grains  with  a  metallic  lustre,  or  of  brown  hair- 
like threads  :  the  rock  in  this  latter  case  assuming  a 
pseudo-brecciated  structure.  These  rocks  sometimes 
contain  mica  and  veins  of  agate.  Their  rusty  brown  or 
yellowish  colour  is  partly  due  to  the  oxides  of  iron,  but 

•  D*Aabuisson,  'Traits  de  G6ognosie '  (torn.  \\.  p.  569), mentions, 
on  the  authority  of  M.  Marcel  de  Serres,  masses  of  green  earth  near 
Montpellier,  which  are  supposed  to  be  due  to  the  decompositioa  of 
olivine.  I  do  not,  however,  find,  that  the  aciion  of  this  mineral 
under  the  blowpipe  being  entirely  altered*  as  it  becomes  decom- 
posed, has  been  noticed ;  and  the  knowledge  of  this  fact  is  im- 
portant, as  at  first  it  appears  highly  improbable  that  a  hard, 
transparent,  refractory  mineral  should  be  changed  into  a  soft, 
easily- 'used,  clay,  like  this  of  St.  Jago.  I  shall  hereafier  describe 
a  green  substance,  forming  threads  within  the  cells  of  sc»nie  vesicular 
basaltic  rocks  in  Van  Diemen*s  Land,  which  behave  under  the  blow- 
pipe like  the  green  wacke  of  St.  Jago ;  but  its  occurrence  in 
cylindrical  threads,  shows  it  cannot  have  resulted  from  the  decom- 
position of  olivine,  a  mineral  always  existing  in  the  form  of  grninfl 
or  crystals. 
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chiefly  to  innumerable,  micrcscopically  minute,  black 
specks,  which,  when  a  fragment  is  heated,  are  easily 
fused,  and  evidently  are  either  hornblende  or  augite. 
These  rocks,  therefore,  although  at  first  appearing  like 
baked  clay  or  some  altered  sedimentary  deposit,  contain 
all  the  essential  ingredients  of  trachyte ;  from  which 
they  differ  only  in  not  being  harsh,  and  in  not  con- 
taining crystals  of  glassy  feldspar.  As  is  so  often 
the  case  with  trachytic  formation,  no  stratification  is 
here  apparent.  A  person  would  not  readily  believe  that 
these  rocks  could  have  flowed  as  lava ;  yet  at  St.  Helena 
there  are  well  characterised  streams  (as  will  be  described 
in  an  ensuing  chapter)  of  nearly  similar  composition. 
Amidst  the  hillocks  composed  of  these  rocks,  I  found  in 
three  places,  smooth  conical  hills  of  phonolite,  abound- 
ing with  fine  crystals  of  glassy  feldspar,  and  with  needles 
of  hornblende.  These  cones  of  phonolite,  I  believe, 
bear  the  same  relation  to  the  surrounding  feldspathic 
strata  which  some  masses  of  coarsely  crystallised  augitio 
rock,  in  another  part  of  the  island,  bear  to  the  surround- 
ing basalt,  namely,  that  both  have  been  injected.  The 
rocks  of  a  feldspathic  nature  being  anterior  in  origin  to 
the  basaltic  strata,  which  cap  them,  as  well  as  to  the 
basaltic  streams  of  the  coast-plains,  accords  with  the 
usual  order  of  succession  of  these  two  grand  divisions  of 
the  volcanic  series. 

The  strata  of  most  of  these  hills  in  the  upper  part, 
where  alone  the  planes  of  division  are  distinguishable, 
are  inclined  at  a  small  angle  from  the  interior  of  the 
island  towards  the  sea-coast.  The  inclination  is  not  the 
same  in  each  hill ;  in  that  marked  A  it  is  less  than 
in  B,  D,  or  E ;  in  C  the  strata  are  scarcely  deflected 
from  a  horizontal  plane,  and  in  F  (as  far  as  I  could 
judge  without  ascending  it)  they  are  slightly  inclined 
in  a  reverse  direction,  that  is,  inwards  and  towards  the 
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centre  of  the  island.  Notwithstanding  these  differences 
of  inclination,  their  correspondence  in  external  form, 
and  in  the  composition  both  of  their  upper  and  lower 
parts, — their  relative  position  in  one  curved  line,  with 
their  steepest  sides  turned  inwards, — all  seem  to  show 
that  they  originally  formed  parts  of  one  platform  ; 
which  platform,  as  before  remarked,  probably  extended 
round  a  considerable  portion  of  the  circumference  of 
the  island.  The  upper  strata  certainly  flowed  as  lava, 
and  probably  beneath  the  sea,  as  perhaps  did  the  lower 
feldspathic  masses:  how  then  come  these  strata  to 
hold  their  present  position,  and  whence  were  they 
erupted  ? 

In  the  centre  of  the  island  ^  there  are  lofty  moun- 
tains, but  they  are  separated  from  the  steep  inland 
flanks  of  these  hills  by  a  wide  space  of  lower  country : 
the  interior  mountains,  moreover,  seem  to  have  been 
the  source  of  those  great  streams  of  basaltic  lava  which, 
contracting  as  they  pass  between  the  bases  of  the  hilJs 
in  question,  expand  into  the  coast-plains.  Round  the 
shores  of  St.  Helena  there  is  a  rudely-formed  ring  of 
basaltic  rocks,  and  at  Mauritius  there  are  remnants  of 
another  such  a  ring  round  part,  if  not  round  the  whole, 
of  the  island ;  here  again  the  same  question  immediately 
occurs,  how  come  these  masses  to  hold  their  present 
position,  and  whence  were  they  erupted?  The  same 
answer,  whatever  it  may  be,  probably  applies  in  these 
three  cases ;  and  in  a  future  chapter  we  shall  recur  to 
this  subject. 

Valleys  nea/r  the  coast, — These  are  broad,  very  flat, 

'  I  saw  very  little  of  the  inland  parts  of  the  island.  Near  the 
Tillnge  of  St.  Domingo,  there  are  magnificent  cliffs  of  rather  coarsely 
crystallised  basaltic  lava.  Folio wii.g  the  little  stream  in  this 
valley,  about  a  mile  above  the  village,  the  base  of  the  great  clilf 
was  formed  of  a  compact  fine-grained  basalt,  conformably  covered 
by  a  bed  of  pebbles.  Near  Fuentes,  I  met  with  pap- formed  iiills  ol 
the  compact  feldspathic  series  of  rocks. 
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and  generally  bounded  by  low  cliff-formed  sides.  Por- 
tions of  the  basaltic  plain  are  sometimes  nearly  or  quite 
isolated  by  them ;  of  which  fact,  the  place  on  which 
the  town  of  Praya  stands  offers  an  instance.  The  great 
valley  west  of  the  town  has  its  bottom  filled  up  to  a 
depth  of  more  than  twenty  feet  by  well-rounded  pebbles, 
which  in  some  parts  are  firmly  cemented  together  by 
white  calcareous  matter.  There  can  be  no  doubt,  from 
the  form  of  these  valleys,  that  they  were  scooped  out  by 
the  waves  of  the  sea,  during  that  equable  elevation  of 
the  land,  of  which  the  horizontal  calcareous  deposit, 
with  its  existing  species  of  marine  remains,  gives  evi- 
dence. Considering  how  well  shells  have  been  preserved 
in  this  stratum,  it  is  singular  that  I  could  not  find  even  a 
single  small  fragment  of  shell  in  the  conglomerate  at 
the  bottom  of  the  valleys.  The  bed  of  pebbles  in  the 
valley  west  of  the  town  is  intersected  by  a  second  valley 
joining  it  as  a  tributary,  but  even  this  valley  appears 
much  too  wide  and  flat-bottomed  to  have  been  formed 
by  the  small  quantity  of  water,  which  falls  only  during 
one  short  wet  season ;  for  at  other  times  of  the  year 
these  valleys  are  absolutely  dry. 

Recent  conglomerate,  —  On  the  shores  of  Quail 
Island,  I  found  fragments  of  brick,  bolts  of  iron, 
pebbles,  and  large  fragments  of  basalt,  united  by  a 
scanty  base  of  impure  calcareous  matter  into  a  firm 
conglomerate.  To  show  how  exceedingly  firm  this  recent 
conglomerate  is,  I  may  mention,  that  I  endeavoured 
with  a  heavy  geological  hammer  to  knock  out  a  thick 
bolt  of  iron,  which  was  embedded  a  little  above  low- 
water  mark,  but  was  quite  unable  to  succeed. 
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Fernando  Noronha. — During  our  short  visit  at  this 
and  the  four  following  islands,  I  observed  very  little 
worthy  of  description.  Fernando  Noronha  is  situated 
in  the  Atlantic  Ocean,  in  lat.  3°  50'  S.,  and  230  miles 
distant  from  the  coast  of  South  America.  It  consists 
of  several  islets,  together  nine  miles  in  length  by  three 
in  breadth.  The  whole  seems  to  be  of  volcanic  origin ; 
although  there  is  no  appearance  of  any  crater,  or  of  any 
one  central  eminence.  The  most  remarkable  feature 
is  a  hill  1,000  feet  high,  of  which  the  upper  400  feet 
consist  of  a  precipitous,  singularly  shaped  pinnacle, 
formed  of  columnar  phonolite,  containing  numerous 
crystals  of  glassy  feldspar,  and  a  few  needles  of  horn- 
blende. From  the  highest  accessible  point  of  this  hill, 
I  could  distinguish  in  different  parts  of  the  group 
several  other  conical  hills,  apparently  of  the  same  nature. 
At  St.  Helena  there  are  similar,  great,  conical,  protu- 
berant masses  of  phonolite,  nearly  1 ,000  feet  in  height, 
which  have  been  formed  by  the  injection  of  fluid  feld-^ 
spathic  lava  into  yielding  strata.     If  this  hill  has  had, 
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as  is  probable,  a  similar  origin,  denudation  has  been 
here  effected  on  an  enormous  acsle.  Kear  the  base  of 
this  hill,  I  observed  beds  of  white  tuff,  intersected 
by  numerous  dikes,  some  of  amygdaloidal  basalt  and 
others  of  trachyte;  and  beds  of  slaty  phonolite  with 
the  planes  of  cleavi^  directed  NW.  and  SE.  Parts 
of  this  rock,  where  the  crystals  were  scanty,  closely  re- 
sembled common  cUy-slate,  altered  by  the  contact  of  a 
trap-dike.  The  lamination  of  rocks,  which  nndoubtedly 
bave  once  been  fluid,  appears  to  me  a  subject  well  deserv- 
ing attention.  On  the  beach  there  were  numerous  frag- 
ments of  compact  basalt,  of  which  rock  a  distant  facade 
of  columns  seemed  to  be  formed. 

Terwira  in  the  Azores. — The  central  parts  of  this 
island  consist  of  irregularly  rounded  monnfains  of  no 
great  elevation,  composed  of  trachyte,  which  closely 
resembles  in  general  character  the  trachyte  of  Ascension, 
presently  to  be  described.  This  formation  is  in  many 
parts  overlaid,  in  the  usual  order  of  superposition,  by 
streams  of  basaltic  lava,  which  near  the  coast  compose 
nearly  the  whole  surface.  The  course  which  these 
streams  have  followed  from  their  craters,  can  often  be 
followed  by  the  eye.  The  town  of  Angra  is  overlooked 
by  a  crateriform  hill  (Mount  Brazil),  entirely  built  of 
thin  strata  of  fine-grained,  harsh,  brown-coloured  tuff. 
The  upper  beds  are  seen  to  overlap  the  basaltic  streams 
on  which  the  town  stands.  This  hill  is  almost  iden- 
tical in  structure  and  composition  with  numerous  crater- 
formed  bills  in  the  Galapagos  Archipelago. 

E^ectt  of  steam  on  Ike  trachytic  rocks. — In  the 
central  part  of  the  island  there  is  a  spot,  where  steam 
is  constantly  issuing  in  jets  from  the  bottom  of  a  small 
ravine-like  hollow,  which  has  no  exit,  and  which  abuts 
against  a  range  of  trachytic  mountains.  The  steam  is 
emitted  &om  several  irregular  fissures :  it  is  scentless, 
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Boon  blackens  iron,  and  is  of  much  too  high  temperature 
to  be  endured  by  the  hand.  The  manner  in  which  the 
solid  trachyte  is  changed  on  the  borders  of  these  orifices 
is  curious:  first,  the  base  becomes  earthy,  with  re*! 
freckles  evidently  due  to  the  oxidation  of  particles  of 
iron ;  then  it  becomes  soft ;  and  lastly,  even  the  crystals 
of  glassy  feldspar  yield  to  the  dissolving  agent.  After 
the  mass  is  converted  into  clay,  the  oxide  of  iron  seems 
to  be  entirely  removed  from  some  parts,  which  are  left 
perfectly  white,  whilst  in  other  neighbouring  parts, 
which  are  of  the  brightest  red  colour,  it  seems  to  be 
deposited  in  greater  quantity ;  some  other  masses  are 
marbled  with  the  two  distinct  colours.  Portions  of  the 
white  clay,  now  that  they  are  dry,  cannot  be  distinguished 
by  the  eye  from  the  finest  prepared  chalk ;  and  when 
placed  between  the  teeth  they  feel  equally  soft-grained ; 
the  inhabitants  use  this  substance  for  white- v/ashing 
their  houses.  The  cause  of  the  iron  being  dissolved  in 
one  part,  and  close  by  being  again  deposited,  is  obscure; 
but  the  fact  has  been  observed  in  several  other  places.* 
In  some  half-decayed  specimens,  I  found  small,  globular, 
aggregations  of  yellow  hyalite,  resembling  gum-arabic, 
which  no  doubt  had  been  deposited  by  the  steam. 

As  there  is  no  escape  for  the  rain-water,  which 
trickles  down  the  sides  of  the  ravine-like  hollow,  whence 
the  steam  issues,  it  must  all  percolate  downwards 
through  the  fissures  at  its  bottom.  Some  of  the  in- 
habitants informed  me  that  it  was  on  record  that 
flames  (some  luminous  appearance?)  had  originally 
proceeded  from  these  cracks,  and  that  the  flames  had 

'  Spallanzani,  Dolomiea  and  HofTman  have  described  similar 
cases  in  the  Italian  volcanic  islands.  Dulomieu  says  the  iron  at  the 
Panza  Islands  is  redeposited  in  the  form  of  veins  (p.  86,  *  M^moire 
•urles  Isles  Ponces').  These  authors  likewise  believe  that  the  st^am 
deposits  silica :  it  is  now  experimentally  knowu  that  vapoar  of  a 
high  temperataie  is  able  to  dissolve  silica. 
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been  succeeded  by  the  Bteam ;  but  I  was  not  able  to 
ascertain  how  long  this  was  ago,  or  aoything  certain  on 
the  subject.  When  viewing  the  spot,  I  imagined  that 
the  injection  of  a  large  maes  of  rock,  like  the  cone  of 
phonolite  at  Fernando  Noronha,  in  a  semi-fluid  state,  by 
arching  the  surface  might  have  caused  a  wedge-shaped 
hollow  with  cracks  at  the  bottom,  and  that  the  rain- 
water percolating  to  the  neighbourhood  of  the  heated 
tttoss,  wonid  during  many  succeeding  years  be  driven 
back  in  the  form  of  steam. 

Tahiti  (Otaheile). — I  visited  only  a  part  of  the 
north-wesWrn  side  of  this  island,  and  this  part  ie  en- 
tirely composed  of  volcanic  rocks.  Near  the  coast  there 
are  several  varieties  of  basuilt,  some  abounding  with 
large  crystals  of  augite  and  tarnished  olivine,  others 
compact  and  earthy, — some  slightly  vesicular,  and 
others  occasionally  amygdaloidal.  These  rocks  are 
generally  much  decomposed,  and  to  my  surprise,  I  found 
in  several  sections  that  it  was  impossible  to  diatingniah, 
even  approximately,  the  line  of  separation  between  the 
decayed  lava  and  the  alternating  beds  of  tuff.  Since 
the  specimens  have  become  dry,  it  is  rather  more  easy 
to  distinguish  the  decomposed  igneous  rocks  from  the 
sedimentary  tuffs.  This  gradation  in  character  be- 
tween rocks  having  such  widely  different  origins,  may  I 
think  be  esplitined  by  the  yielding  under  pressure  of 
the  softened  sides  of  the  vesicular  cavities,  whicli  in 
many  volcanic  rocks  occupy  a  hirge  proportion  of  their 
bulk.  As  the  vesicles  generally  increase  in  size  and 
number  in  the  upper  parts  of  a  stream  of  lava,  so  would 
the  effects  of  their  compression  increase;  the  yielding, 
moniover,  of  each  lower  vesicle  must  tend  to  disturb  all 
the  softened  matter  above  it.  Hence  we  might  expect 
to  traoe  a  perfect  gradation  from  an  unaltered  crystal- 
line rock  to  one  in  which  all  the  particles  (although 
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originally  forming  part  of  the  same  solid  mass)  had 
undergone  mechanical  displacement ;  and  snch  particles 
could  hardly  be  distinguished  from  others  of  similar 
composition,  which  had  been  deposited  as  sediment. 
As  lavas  are  sometimes  laminated  in  their  upper  parts, 
even  horizontal  lines,  appearing  like  those  of  aqueous 
deposition,  could  not  in  all  cases  be  relied  on  as  a 
criterion  of  sedimentary  origin.  From  these  considera- 
tions it  is  not  surprising  that  formerly  many  geologists 
believed  in  real  transitions  from  aqueous  deposits, 
through  wacke,  into  igneous  traps. 

In  the  valley  of  Tia-auru,  the  commonest  rocks  are 
basalts  with  much  olivine,  and  in  some  cases  almost 
composed  of  large  crystals  of  augite.  I  picked  up  some 
specimens,  with  much  glassy  feldspar,  approaching  in 
character  to  trachyte.  There  were  also  many  large 
blocks  of  vesicular  basalt,  with  the  cavities  beautifully 
lined  with  chabasie  (?),  and  radiating  bundles  of  meso- 
type.  Some  of  these  specimens  presented  a  curious 
appearance,  owing  to  a  number  of  the  vesicles  being 
half  filled  up  with  a  white,  soft,  earthy  mesotypic 
mineral,  which  intumesced  under  the  blowpipe  in 
a  remarkable  manner.  As  the  upper  surfaces  in  all 
the  half-filled  cells  are  exactly  parallel,  it  is  evident 
that  this  substance  has  sunk  to  the  bottom  of  each  cell 
from  its  weight.  Sometimes,  however,  it  entirely  fills 
the  cells.  Other  cells  are  either  quite  filled,  or  lined, 
with  small  crystals,  apparently  of  chabasie ;  these 
crystals,  also,  frequently  line  the  upper  half  of  tJie  cells 
partly  filled  with  the  earthy  mineral,  as  well  as  the 
upper  surface  of  this  substance  itself,  in  which  case  the 
two  minerals  appear  to  blend  into  each  other.  I  have 
never  seen  any  other  amygdaloid  ^  with  the  cells  ?ialf 

'  MacCalloch,  however,  has  described  and  given    a  plate  of 
*  Geolog.  Trans.,*  Ist  Series,  vol.  iv.  p.  225)  a  trap  rock,  with  cavities 
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filled  in  the  manner  here  described ;  and  it  is  difficult 
to  imagine  the  causes  which  determined  the  earthy 
mineral  to  sink  from  its  gravity  to  the  bottom  of  the 
cells,  and  the  crystalline  mineral  to  adhere  in  a  coating 
of  equal  thickness  round  the  sides  of  the  cells. 

The  basaltic  strata  on  the  sides  of  the  valley  are 
gently  inclined  seaward,  and  I  nowhere  observed  any 
sign  of  disturbance ;  the  strata  are  separated  from  each 
other  by  thick,  compact  beds  of  conglomerate,  in  which 
the  fragments  are  large,  some  being  rounded,  but  most 
angular.  From  the  character  of  these  beds,  from  the 
compact  and  crystalline  condition  of  most  of  the  lavas, 
and  from  the  nature  of  the  infiltrated  minerals,  I  was 
led  to  conjecture  that  they  had  originally  flowed  beneath 
the  sea.  This  conclusion  agrees  with  the  fact  that  the 
Rev.  W.  Ellis  found  marine  remains  at  a  considerable 
height,  which  he  believes  were  interstratified  with 
volcanic  matter ;  as  is  likewise  described  to  be  the  case 
by  Messrs.  Tyerman  and  Bennett  at  Huaheine,  an  island 
in  this  same  archipelago.  Mr.  Stutchbufy  also  dis- 
covered near  the  summit  of  one  of  the  loftiest  moun- 
tains of  Tahiti,  at  the  height  of  several  thousand  feet, 
a  stratum  of  semi-fossil  coral.  None  of  these  remains 
have  been  specifically  examined.  On  the  coast,  where 
masses  of  coral  rock  would  have  afforded  the  clearest  evi- 
dence, I  looked  in  vain  for  any  signs  of  recent  elevation. 
For  references  to  the  above  authorities,  and  for  more 
detailed  reasons  for  not  believing  that  Tahiti  has  been 
recently  elevated,  I  must  refer  to  my  volume  on  the 
*  Structure  and  Distribution  of  Coral  Reefs '  (p.  138  of 
the  1st  edit.,  or  p.  182  of  the  2nd.  edit.). 

filled  np  horizontally  with  quartz  and  chalcedony.  The  upper 
halves  of  these  cavities  are  often  filled  by  layers,  which  follow  each 
irregularity  of  the  surface,  and  by  little  depending  stalactites  of  the 
same  siliceous  substances. 


CHAP.  n.  Mauritius.  33 

Mauritivs.  —  Approacbing  this  island  on  the 
northern  or  north-western  side,  a  curved  chain  of  bold 
mountains,  surmounted  by  rugged  pinnacles,  is  seen  to 
rise  from  a  smooth  border  of  cultivated  land,  which 
gently  slopes  down  to  the  coast.  At  the  first  glance, 
one  is  tempted  to  believe  that  the  sea  lately  reached 
the  base  of  these  mountains,  and  upon  examination, 
this  view,  at  least  with  respect  to  the  inferior  parts  of 
the  border,  is  found  to  be  perfectly  correct.  Several 
anthers  ^  have  described  masses  of  upraised  coral  rock 
round  the  greater  part  of  the  circumference  of  the 
island.  Between  Tamarin  Bay  and  the  Great  Black 
River  I  observed,  in  company  with  Capt.  Lloyd,  two 
hillocks  of  coral  rock,  formed  in  their  lower  part  of 
hard  calcareous  sandstone,  and  in  their  upper  of  great 
blocks,  slightly  aggregated,  of  Astrasa  and  Madrepora, 
and  of  fragments  of  basalt ;  they  were  divided  into  beds 
dipping  seaward,  in  one  case  at  an  angle  of  8°,  and  in 
the  other  at  18°;  they  had  a  water- worn  appearance, 
and  they  rose  abruptly  from  a  smooth  surface,  strewed 
with  rolled  debris  of  organic  remains,  to  a  height  of 
about  twenly  feet.  The  Officier  du  Roi,  in  his  most 
interesting  tour  in  1768  round  the  island,  has  described 
masses  of  upraised  coral  rocks,  still  retaining  that  moat- 
like structure  (see  *  Coral  Reefs,'  2nd  edit.  p.  69) 
which  is  characteristic  of  the  living  reefs.  On  the 
coast  northward  of  Port  Louis,  I  found  the  lava  con- 
cealed for  a  considerable  space  inland  by  a  conglo- 
merate of  corals  and  shells,  like  those  on  the  beach, 
but  in  parts  consolidated  by  red  ferruginous  matter. 

'  Captain  Carmiuhael,  in  Hooker's  *  Bot.  Misc.*  vol.  ii.  p.  301. 
Captain  Lloyd  has  lately,  in  the  *  Proceedings  of  i  he  Geological 
Society '  (vol.  iiL  p.  317),  described  carefully  some  of  these  masses. 
In  ihe  *  Voyage  £  Tlsle  de  France,  par  un  Officier  du  Roi,'  many 
interesting  facts  are  given  on  this  ^abject.  Consult  also  *  Voyage 
aaz  Qnatre  Isles  d'Afrique,  par  M.  Bory  St.  Vincent.' 
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M.  Bory  St.  Vincent  has  described  similar  calcareous  beds 
over  nearly  the  whole  of  the  plain  of  Pamplemousses. 
Near  Port  T^uis,  when  turning  over  some  large  stones, 
which  lay  in  the  bed  of  a  stream  at  the  head  of  a  pror 
tected  creek,  and  at  the  height  of  some  yards  above  the 
level  of  spring  tides,  I  found  several  shells  of  serpula 
still  adhering  to  their  under  sides. 

The  jagged  mountains  near  Port  Louis  rise  to  a 
height  of  between  2,000  and  3,000  feet ;  they  consist 
of  strata  of  basalt,  obscurely  separated  from  each  other 
by  firmly  aggregated  beds  of  fragmentary  matter ;  and 
they  are  intersected  by  a  few  vertical  dikes.  The 
basalt  in  some  parts  abounds  with  large  crystals  of 
augite  and  olivine,  and  is  generally  compact.  The 
interior  of  the  island  forms  a  plain,  raised  probably 
about  a  thousand  feet  above  the  level  of  the  sea,  and 
composed  of  streams  of  lava  which  have  flowed  round 
and  between  the  rugged  basaltic  mountains.  These 
more  recent  lavas  are  also  basaltic,  but  less  compact, 
and  some  of  them  abound  with  feldspar,  so  that  they 
even  fuse  into  a  pale  coloured  glass.  On  the  banks  of 
the  Great  River,  a  section  is  exposed  nearly  500  feet 
deep,  worn  through  numerous  thin  sheets  of  the  lava  of 
this  series,  which  are  separated  from  each  other  by  beds 
of  scoriae.  They  seem  to  have  been  of  subaerial  forma- 
tion, and  to  have  flowed  from  several  points  of  eruption 
on  the  central  platform,  of  which  the  Piton  du  Milieu 
is  said  to  be  the  principal  one.  There  are  also  several 
volcanic  cones,  apparently  of  this  modem  period,  round 
the  circumference  of  the  island,  especially  at  the 
northern  end,  where  they  form  separate  islets. 

The  mountains  composed  of  the  more  compact  and 
crystalline  basalt,  form  the  main  skeleton  of  the  island. 
M.  Bailly  *  states  that  they  all  '  se  d^veloppent  autour 

•  •  Voyage  aux  Terres  Australes/  torn.  i.  p.  64. 
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d'elle  comme  ane  ceinture  d'immenses  remparts,  toutes 
afiectant  nne  pente  plus  on  moins  inclm6e  vers  le  rivage 
de  la  mer ;  tandis,  an  contraire,  que  vers  le  centre  de 
nie  elles  pr6sentent  nne  coupe  abrupte,  et  souvent 
taill^  h  pic.  Toutes  ces  montagues  sont  foi*m6es  de 
conches  paralldles  mclm6es  dn  centre  de  Tile  vers  la 
mer/  These  statements  have  been  disputed,  though 
not  in  detail,  by  M.  Quoy,  in  the  voyage  of  Freycinet. 
As  far  as  my  limited  means  of  observation  went,  I 
found  them  perfectly  correct.^  The  mountains  on  the 
NW.  side  of  the  island,  which  I  examined,  namely,  La 
Pouce,  Peter  Botts,  Corps  de  Garde,  Les  Mamelles, 
and  apparently  another  farther  southward,  have  pre- 
cisely the  external  shape  and  stratification  described  by 
M  Bailly.  They  form  about  a  quarter  of  his  girdle  of 
ramparts.  Although  these  mountains  now  stand  quite 
detached,  being  separated  from  each  other  by  breaches, 
even  several  miles  in  width,  through  which  deluges  of 
lava  have  flowed  from  the  interior  of  the  island ;  never- 
theless, seeing  their  close  general  similarity,  one  must 
feel  convinced  that  they  originally  fonned  parts  of  one 
continuous  mass.  Judging  from  the  beautiful  map  of 
the  Mauritius,  published  by  the  Admiralty  from  a 
French  MS.,  there  is  a  range  of  mountains  (M.  Bamboo) 
on  the  opposite  side^  the  island,  which  correspond  in 
height,  relative  position,  and  external  form,  with  those 
just  described.  Whether  the  girdle  was  ever  complete 
may  well  be  doubted ;  but  from  M.  Bailly's  statements, 
and  my  own  observations,  it  may  be  safely  concluded  that 
mountains  with  precipitous  inland  flanks,  and  composed 
of  strata  dipping  outwards,  once  extended  round  a  con- 
siderable portion  of  the  circumference  of  the  island. 
The  ring  appears  to  have  been  oval  and  of  vast  size ;  its 

>  M.  Lesson,  in  his  account  of  the  island,  in  the  voyage  of  the 
'  Coqaille/  seems  to  follow  M.  Bailly 's  views. 
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shorter  axis,  measured  across  from  the  inner  sides  of 
the  mountains  near  Port  Louis  and  those  near  Grand 
Port,  being  no  less  than  thirteen  geographical  miles  ia 
length.  M.  Bailly  boldly  supposes  that  this  enormous 
gulf,  which  has  since  been  filled  up  to  a  great  ext<ent 
by  streams  of  modem  lava,  was  formed  by  the  sinking 
in  of  the  whole  upper  part  of  one  great  volcano. 

It  is  singular  in  how  many  respects  those  portions 
of  St.  Jago  and  of  Mauritius  which  I  visited  agree  in 
their  geological  history.  At  both  islands,  mountains 
of  similar  external  form,  stratification,  and  (at  least  in 
their  upper  beds)  composition,  follow  in  a  curved  chain 
the  coast-line.  These  mountains  in  each  case  appear 
originally  to  have  formed  parts  of  one  continuous  mass. 
The  basaltic  strata  of  which  they  are  composed,  fix)m 
their  compact  and  crystalline  structure,  seem,  when 
contrasted  with  the  neighbouring  basaltic  streams  of 
subaerial  formation,  to  have  flowed  beneath  the  pressure 
of  the  sea,  and  to  have  been  subsequently  elevated. 
We  may  suppose  that  the  wide  breaches  between  the 
mountains  were  in  both  cases  worn  by  the  waves, 
during  their  gradual  elevation — of  which  process,  within 
recent  times,  there  is  abundant  evidence  on  the  coast- 
land  of  both  islands.  At  both,  vast  streams  of  more 
recent  basaltic  lavas  have  flowed  from  the  interior  of 
the  island,  round  and  between  the  ancient  basaltic  hills ; 
at  both,  moreover,  recent  cones  of  eruption  are  scattered 
around  the  circumference  of  tlie  island ;  but  at  neither 
have  eruptions  taken  place  within  the  period  of  history. 
As  remarked  in  the  last  chapter,  it  is  probable  that 
these  ancient  basaltic  mountains,  which  resemble  (at 
least  in  many  respects)  the  basal  and  disturbed  remnants 
of  two  gigantic  volcanos,  owe  their  present  form,  struc- 
ture, and  position,  to  the  action  of  similar  causes. 

SL  PauVa  Rocks, — This  small  island  is  situated  in 
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the  Atlantic  Ocean,  nearly  one  degree  north  of  the 
equator,  and  540  miles  distant  from  South  America,  in 
29°  15'  west  longitude.  Its  highest  point  is  scarcely 
fifty  feet  above  the  level  of  the  sea;  its  outline  is 
irregular,  and  its  entire  circumference  barely  three- 
quarters  of  a  mile.  This  little  point  of  rock  rises 
abruptly  out  of  the  ocean  ;  and,  except  on  its  western 
side,  soundings  were  not  obtained,  even  at  the  short 
distance  of  a  quarter  of  a  mile  from  its  shore.  It  is 
not  of  volcanic  origin  ;  and  this  circumstance,  which  is 
the  most  remarkable  point  in  its  history  (as  will  here- 
after be  referred  to),  properly  ought  to  exclude  it  from 
the  present  volume.  It  is  composed  of  rocks,  unlike 
any  which  I  have  met  with,  and  which  I  cannot  charac- 
terise by  any  name,  and  must  therefore  describe. 

The  simplest,  and  one  of  the  most  abundant  kinds, 
is  a  very  compact,  heavy,  greenish-black  rock,  having 
an  angular,  irregular  fracture,  with  some  points  just 
hard  enough  to  scratch  glass,  and  infusible.  This 
variety  passes  into  others  of  paler  green  tints,  less  hard, 
but  with  a  more  crystalline  fracture,  and  translucent  on 
their  edges ;  and  these  are  fusible  into  a  green  enamel. 
Several  other  varieties  are  chiefly  characterised  by 
containing  innumerable  threads  of  dark-green  serpen- 
tine, and  by  having  calcareous  matter  in  their  inter- 
stices. These  rocks  have  an  obscure,  concretionary 
structure,  and  are  full  of  variously-coloured  angular 
pseudo  fragments.  These  angular  pseudo  fragments 
%x»iisist  of  the  first-described  dark  green  rock,  of  a  brown 
softer  kind,  of  serpentine,  and  of  a  yellowish  harsh  stone, 
which,  perhaps,  is  related  to  serpentine  rock.  There 
are  other  vesicular,  calcareo-ferruginous,  soft  stones. 
There  is  no  distinct  stratification,  but  parts  are  imper- 
fectly laminated ;  and  the  whole  abounds  with  innu- 
merable veins,  and  vein-like  masses,   both  small  and 
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large.  Of  these  vein-like  masses,  some  calcareous  ones, 
which  contain  minute  fragments  of  shells,  are  clearly 
of  subsequent  origin  to  the  others. 

A  gloftsy  incrustation. — Extensive  portions  of  these 
rocks  are  coated  by  a  layer  of  a  glossy  polished  sub- 
stance, with  a  pearly  lustre  and  of  a  grayish  white 
colour ;  it  follows  all  the  inequalities  of  the  surface,  to 
which  it  is  firmly  attached.  "When  examined  with  a 
lens,  it  is  found  to  consist  of  numerous  exceedingly  thin 
layers,  their  aggregate  thickness  being  alx)ut  the  tenth 
of  an  inch.  It  is  considerably  harder  than  calcareous 
spar,  but  can  be  scratched  with  a  knife ;  under  the 
blowpipe  it  scales  off,  decrepitates,  slightly  blackens, 
emits  a  fetid  odour,  and  becomes  strongly  alkaline  :  it 
does  not  effervesce  in  acids.*  I  presume  this  substance 
has  been  deposited  by  water  draining  from  the  birds* 
dung,  with  which  the  rocks  are  covered.  At  Ascension, 
near  a  cavity  in  the  rocks  which  was  filled  with  a 
laminated  mass  of  infiltrated  birds'  dung,  I  found  some 
irregularly-formed,  stalactitical  masses  of  apparently 
the  same  nature.  These  masses,  when  broken,  had  an 
earthy  texture  ;  but  on  their  outsides,  and  especially  at 
their  extremities,  they  were  formed  of  a  pearly  sub- 
stance, generally  in  little  globules,  like  the  enamel  of 
teeth,  but  more  translucent,  and  so  hard  as  just  to 
scratch  plate-glass.  This  substance  slightly  blackens 
under  the  blowpipe,  emits  a  bad  smell,  then  becomes 
quite  white,  swelling  a  little,  and  fuses  into  a  dull  white 
enamel ;  it  does  not  become  alkaline ;  nor  does  it 
effervesce  in  acids.  The  whole  mass  had  a  collapsed 
appearance,  as  if  in  the  formation  of  the  hard  glossy 
crust  the  whole  had  shrunk  much.  At  the  Abrolhos 
Islands  on  the  coast  of  Brazil,  where  also  there  is  much 

*  In  my  Journal  I  have  described  this  substance ;  I  then  believed 
that  it  was  an  impure  phosphate  of  lime« 
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birds'  dang,  I  found  a  great  quantity  of  a  brown, 
arborescent  substance  adhering  to  some  trap-rock.  In 
its  arborescent  form,  this  substance  singularly  resembles 
some  of  the  branched  species  of  Nullipora.  Under  the 
blowpipe,  it  behaves  like  the  specimens  from  Ascension; 
bat  it  is  less  hard  and  glossy^  &i^d  ^^  surface  has  not 
the  shrank  appearanoa. 
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CHAPTER  m. 

ASCENSION. 

SoiaUio  lavas — Nwnfroui  craters  truncated  on  the  same  tide^^ 
Singular  structure  of  volcanic  bombs — Aeriform  ewplosicns — Ejected 
granitic  fragments — Tra^hytic  rooks — Singular  veins — Ja4per,  its 
manner  of  formation — Concretions  in  pvmlceous  tuff — Calcareous 
deposits  and  frondtseent  incrustations  on  the  coast — JRemarkable 
laviinated  beds,  aUematitig  with,  a/nd  passing  into  obsidian-^ 
Origin  ofobsidia/n — Lamination  oj  volcanic  rocks. 

This  island  is  situated  in  the  Atlantic  Ocean,  in  lat.  8° 
S.,  long.  14°  W.  It  has  the  form  of  an  irregular  triangle 
(see  accompanying  Map),  each  side  being  about  six 
miles  in  length.  Its  highest  point  is  2,870  feet^  above 
the  level  of  the  sea.  The  whole  is  volcanic,  and,  from 
the  absence  of  proofs  to  the  contrary,  I  believe  of  sub- 
aerial  orgin.  The  fundamental  rock  is  everywhere  of 
a  pale  colour,  generally  compact,  and  of  a  feldspathic 
nature.  In  the  SE.  portion  of  the  island,  where  the 
highest  land  is  situated,  well  characterised  trachyte, 
and  other  congenerous  rocks  of  that  varying  family, 
occur.  Nearly  the  entire  circumference  is  covered  up 
by  black  and  rugged  streams  of  basaltic  lava,  with  here 
and  there  a  hill  or  single  point  of  rock  (one  of  which 
near  the  sea-coast,  north  of  the  Fort,  is  only  two  or 
three  yards  across)  of  the  trachyte  still  remaining 
exposed. 

Basaltic  rocks. — ^The   overlying   basaltic   lava  is  in 

*  *  Geographical  Journal/  vol.  v.  p.  243. 
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some  parts  extremely  vesicalar,  in  others  little  so ;  it  is 
of  a  black  coloar,  but  sometimes  contains  crystals  of 
glassy  feldspar,  and  seldom  much  olivine.  These 
streams  appear  to  have  possessed  singularly  little 
fluidity;  their  side  walls  and  lower  ends  being  very 
steep,  and  even  as  much  as  between  twenty  or  thirty 
feet  in  height.  Their  surface  is  extraordinarily  rugged, 
and  from  a  short  distance  appears  as  if  studded  with 
small  craters.  These  projections  consist  of  broad, 
irregularly  conical,  hillocks,  traversed  by  fissures,  and 
composed  of  the  same  unequally  scoriaceous  basalt  with 
the  surrounding  streams,  but  having  an  obscure  ten- 
dency to  a  columnar  structure ;  they  rise  to  a  height 
between  ten  and  thirty  feet  above  the  general  surface, 
and  have  been  formed,  as  I  presume,  by  the  heaping  up 
of  the  viscid  lava  at  points  of  greater  resistance.  At 
the  base  of  several  of  these  hillocks,  and  occasionally 
likewise  on  more  level  parts,  solid  ribs,  composed  of 
angulo-globular  masses  of  basalt,  resembling  in  size 
and  outline  arched  sewers  or  gutters  of  brickwork,  but 
not  being  hollow,  project  between  two  or  three  feet 
above  the  surface  of  the  streams;  what  their  origin 
may  have  been,  I  do  not  know.  Many  of  the  super- 
ficial fragments  from  these  basaltic  streams  present 
singularly  convoluted  forms ;  and  some  specimens  could 
hardly  be  distinguished  from  logs  of  dark-coloured  wood 
without  their  bark. 

Many  of  the  basaltic  streams  can  be  traced,  either 
to  poin'is  of  eruption  at  the  base  of  the  great  central 
mass  of  trachyte,  or  to  separate,  conical,  red-coloured 
hills,  which  are  scattered  over  the  northern  and  western 
borders  of  the  island.  Standing  on  the  central  eminence, 
I  counted  between  twenty  and  thirty  of  these  cones  of 
eruption.  The  greater  number  of  them  had  their  trun- 
cated summits  cut  off  obliquely,  and  they  all  sloped 
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towards  tlie  SB.,  whence  the  trade-wind  blows.'  This 
stmcture  no  doubt  baa  been  caused  by  the  ejected 
fragments  and  asbea  being  always  blown,  during  erup- 
tions, in  greater  quantity  towards  one  side  than  towards 
the  other  M.  Morean  de  Jonnto  has  made  a  similar 
observation  with  respect  to  the  volcanic  orifices  in  the 
West  Indian  Islands. 

Volcanic  bombs. — These  occur  in  great  numbeis 
strewed  on  the  ground,  and  some  of  them  lie  at  con- 
Biderable  distances  from  any  points  of  eruption.  They 
vaiy  in  size  from  that  of  an  apple  to  that  of  a  man's 


body  ;  they  are  either  spherical  or  pear-shaped,  or  with 
the  hinder  part  (corresponding  to  the  tail  of  a  comet) 

'  M.  Lesson,  in  the  '  Zoolopy  of  the  Voj-agc  of  the  "  Coqnille  "' 
(p.  490),  has  observed  this  fact.  Mr.  HecDah  ('  Geolop.  ProeeedioKS,' 
1835,  p.  180)  further  remarks  tliat  the  most  eitensive  beds  of  ashea 
at  Aaceaaioa  invariabl;  occui  on  the  leewaid  t>ide  of  the  island. 
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irregular,  studded  with  projecting  points,  and  even 
concave.  Their  surfaces  are  rough,  and  fissured  with 
branching  cracks ;  their  internal  structure  is  either 
irregularly  scoriaceous  and  compact,  or  it  presents  a. 
symmetrical  and  very  curious  appearance.  An  irregular 
segment  of  a  bomb  of  this  latter  kind,  of  which  I 
found  several,  is  accurately  represented  in  the  accom- 
panying woodcut.  Its  size  was  about  that  of  a  man's 
head.  The  whole  interior  is  coarsely  cellular ;  the  cells 
averaging  in  diameter  about  the  tenth  of  an  inch ;  but 
nearer  the  outside  they  gradually  decrease  in  size.  This 
part  is  succeeded  by  a  well-defined  shell  of  compact 
lava,  having  a  nearly  uniform  thickness  of  about  the 
third  of  an  inch ;  and  the  shell  is  overlaid  by  a  some- 
what thicker  coating  of  finely  cellular  lava  (the  cells 
varying  from  the  fiftieth  to  the  hundredth  of  an  inch  in 
diameter),  which  forms  the  external  surface  :  the  line 
separating  the  shell  of  compact  lava  from  the  outer 
scoriaceous  crust  is  distinctly  defined.  This  structure 
is  very  simply  explained,  if  we  suppose  a  mass  of  viscid, 
scoriaceous  matter,  to  be  projected  with  a  rapid,  rota- 
tory motion  through  the  air ;  for  whilst  the  external 
crust,  from  cooling,  became  solidified  (in  the  state  we 
now  see  it),  the  centrifugal  force,  by  relieving  the 
pressure  in  the  interior  parts  of  the  bomb,  would  allow 
the  heated  vapours  to  expand  their  cells ;  but  these 
being  driven  by  the  same  force  against  the  already- 
hardened  crust,  would  become,  the  nearer  they  were  to 
this  part,  smaller  and  smaller  or  less  expanded,  until 
they  became  packed  into  a  solid,  concentric  shell.  As 
we  know  that  chips  from  a  grindstone  » can  be  flirted 
ofl^,  when  made  to  revolve  with  sufficient  velocity,  we 
need  not  doubt  that  the  centrifugal  force  would  have 
power  to  modify  the  structure  of  a  softened  bomb,  in 

*  Nicbors  'Architecture  of  the  Heavens.' 
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the  manner  here  sopposed.  Geologists  bave  remarked, 
that  the  external  form  of  a  bomb  at  once  bespeaks  the 
history  of  its  atrial  course,  and  we  now  see  that  the 
internal  strncture  can  speak,  with  almost  eqnal  plainness, 
of  its  rotatory  movement. 

M.  Bory  St.  Vincent  '  has  described  some  balls  of 
lava  from  the  Isle  of  Bourbon,  which  have  a  closely 
edmiltir  structure ;  his  explanation,  however  (if  I  under- 
Btend  it  rightly),  is  very  different  from  that  which  I 
have  given ;  for  he  supposes  that  they  have  rolled,  like 
snow-balls,  down  the  sides  of  the  crater.  M.  Bendant,* 
also,  has  described  some  singular  little  balls  of  obsidian, 
never  more  than  six  or  eight  inches  in  diameter,  which 
he  found  strewed  on  the  surface  of  the  gronnd  :  their 
form  is  always  oval ;  sometimes  they  are  much  awpUen 
in  the  middle,  and  even  spindle-shaped  :  their  surface 
ia  regularly  marked  with  concentric  ridges  and  furrows, 
all  of  which  on  the  same  ball  are  at  right  angles  to  one 
axis  :  their  interior  is  compact  and  glassy.  M.  Beodant 
supposes  that  masses  of  lava, 
when  aofl,  were  shot  into  the  air, 
with  a  rotatory  movement  ronnd 
the  same  axis,  and  that  the  form 
and  superficial  ridges  of  the 
bombs  were  thus  produced.  Sir 
Thomas  llitchell  has  given  roe 
what  at  first  appears  to  be  the 
half  of  a  much  flattened  oval  ball 
of  obsidian ;  it  has  a  singular 
artificial -like  appearance,  which 
mm  is  well  represented  (of  the  natural 
™'toDt^Ticn';"ihfiowor  sizc)  in  the  accompanying  wood- 
e  ttew  oi  the  Bme  ob    ^.^j.       j^.  ^^   found  in  its  pre- 
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Bent  state,  on  a  great  sandy  plain  between  the  rivers 
Darling  and  Murray,  in  Aastralia,  and  at  the  distance 
of  several  hundred  miles  from  any  known  volcanic 
region.  It  seems  to  have  been  embedded  in  some 
reddish  tufaceous  matter;  and  may  have  been  trans- 
ported either  by  the  aborigines  or  by  natural  means. 
The  external  saucer  consists  of  compact  obsidian,  of  a 
bottle-green  colour,  and  is  filled  with  finely-cellular 
black  lava,  much  less  transparent  and  glassy  than  the 
obsidian.  The  external  surface  is  marked  with  four 
or  five  not  quite  perfect  ridges,  which  are  represented 
rather  too  distinctly  in  the  woodcut.  Here  then  we 
have  the  external  structure  described  by  M.  Beudant, 
and  the  internal  cellular  condition  of  the  bombs  from 
Ascension.  The  lip  of  the  saucer  is  slightly  concave, 
exactly  like  the  margin  of  a  soup-plate,  and  its  inner 
edge  overlaps  a  little  the  central  cellular  lava.  Tliis 
structure  is  so  symmetrical  round  the  entire  circum- 
ference, that  one  is  forced  to  suppose  that  the  bomb 
burst  during  its  rotatory  course,  before  being  quite 
solidified,  and  that  the  lip  and  edges  were  thus  slightly 
modified  and  turned  inwards.  It  may  be  remarked  that 
the  superficial  ridges  are  in  planes,  at  right  angles  to  an 
axis,  transverse  to  the  longer  axis  of  the  flattened  oval : 
to  explain  this  circumstance,  we  may  suppose  that  when 
the  bomb  burst,  the  axis  of  rotation  changed. 

A&riforTn  explosions, — The  flanks  of  Green  Moun- 
tain and  the  surrounding  country  are  covered  by  a 
great  mass,  some  hundred  feet  in  thickness,  of  loose 
fragments.  The  lower  beds  generally  consist  of  fine- 
grained, slightly  consolidated  tuffs,*  and  the  upper  beds 
of  great  loose  fragments,  with  alternating  finer  beds.' 

*  Some  of  this  peperino,  or  tnff,  is  sufficiently  hard  not  to  be 
broken  by  the  greatest  force  of  the  fingers. 

*  On  the  northern  side  of  the  Green  Mountain  a  thin  seam,  about 
an  inch  in  tliickness,  of  compact  oxide  of  iron,  extends  over  a  con- 
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One  white  ribbon-like  layer  of  decomposed,  pomiceous 
breccia,  was  curiously  bent  into  deep  unbroken  curves, 
beneath  each  of  the  larger  fragments  in  the  superin- 
cumbent stratum.  From  the  relative  position  of  these 
beds,  I  presume  that  a  narrow-mouthed  crater,  standing 
nearly  in  the  position  of  Green  Mountain,  like  a  great 
air-gun,  shot  forth,  before  its  final  extinction,  this  vast 
accumulation  of  loose  matter.  Subsequently  to  this 
event,  considerable  dislocations  have  taken  place,  and 
an  oval  circus  has  been  formed  by  subsidence.  This 
sunken  space  lies  at  the  north-eastern  foot  of  Green 
Mountain,  and  is  well  represented  in  the  accompanying 
map.  Its  longer  axis,  which  is  connected  with  a  NE. 
and  S  W.  line  of  fissure,  is  three-fifths  of  a  nautical  mile 
in  length ;  its  sides  are  nearly  perpendicular,  except  in 
one  spot,  and  about  400  feet  in  height ;  they  consist,  in 
the  lower  part,  of  a  pale  basalt  with  feldspar,  and  in  the 
upper  part,  of  the  tuff  and  loose  ejected  fragments; 
the  bottom  is  smooth  and  level,  and  under  almost  any 
other  climate  a  deep  lake  would  have  been  formed 
here.  From  the  thickness  of  the  bed  of  loose  fragments, 
with  which  the  surrounding  country  is  covered,  the 
amount  of  aSriform  matter  necessary  for  their  projection 
must  have  been  enormous;  hence  we  may  suppose  it 
probable  that  after  the  explosions  vast  subterranean 
caverns  were  left,  and  that  the  falling  in  of  the  roof  of 
one  of  these  produced  the  hollow  here  described.  At 
the  Galapagos  Archipelago,  pits  of  a  similar  character, 

Biderable  area ;  it  lies  conformably  in  the  lower  part  of  the  stratified 
mas8  of  ashes  and  fragments.  This  substance  is  of  a  reddish-brown 
colour,  with  an  almost  metallic  lustre ;  it  is  not  magnetic,  but  bo- 
comes  so  after  having  been  heated  under  the  blowpipe,  by  which  it 
is  blackened  and  partly  fused.  This  seam  of  compact  stone,  by 
intercepting  the  little  rain-water  which  falls  on  the  island,  gives  rise 
to  a  small  dripping  spring,  first  discovered  by  Dampier.  It  is  the 
only  fresh- water  on  the  island,  so  that  the  possibility  of  its  being  in* 
habited  has  entirely  depended  on  the  occurrence  of  this  ferruginous 
layer. 
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bat  of  a  much  smaller  size,  frequently  occur  at  the  bases 
of  small  cones  of  eruption. 

Ejected  granitic  fragments. — In  the  neighbour- 
hood of  Green  Mountain,  fragments  of  extraneous  rock 
are  not  unfrequently  found  embedded  in  the  midst  of 
masses  of  scoriaB.  Lieut.  Evans,  to  whose  kindness  I 
am  indebted  for  much  information,  gave  me  several 
specimens,  and  I  found  others  myself.  They  nearly  all 
have  a  granitic  structure,  are  brittle,  harsh  to  the  touch, 
and  apparently  of  altered  colours.  Firsts  a  white  syenite, 
streaked  and  mottled  with  red ;  it  consists  of  well 
crystallised  feldspar,  numerous  grains  of  quartz,  and 
brilliant,  though  small,  crystals  of  hornblende.  The 
feldspar  and  hornblende  in  this  and  the  succeeding 
cases  have  been  determined  by  the  reflecting  gonio- 
meter, and  the  quartz  by  its  action  under  the  blowpipe. 
The  feldspar  in  these  ejected  fragments,  like  the  glassy 
kind  in  the  trachyte,  is  from  its  cleavage  a  potash- 
feldspar.  Secondly,  a  brick-red  mass  of  feldspar,  quartz, 
and  small  dark  patches  of  a  decayed  mineral;  one 
minute  particle  of  which  I  was  able  to  ascertain,  by  its 
cleavage,  to  be  hornblende.  Thirdly,  a  mass  of  con- 
fusedly crystallised  white  feldspar,  with  little  nests  of  a 
dark  coloured  mineral,  often  carious,  externally  rounded, 
having  a  glossy  fracture,  but  no  distinct  cleavage :  from 
comparison  with  the  second  specimen,  1  have  no  doubt 
that  it  is  fused  hornblende.  Fourthly^  a  rock,  which 
at  first  appears  a  simple  aggregation  of  distinct  and 
large-sized  crystals  of  dusky-coloured  Labrador  feldspar  ;* 

*  Professor  Miller  has  been  so  kiud  as  to  examine  this  mineral. 
He  obtained  two  good  cleavages  of  86°  .SC  and  86°  50'.  The  mean 
of  several,  which  I  made,  was  86°  30'.  Prof.  Miller  states  that  these 
crystals,  when  reduced  to  a  fine  powder,  are  soluble  in  hydrochloric 
acid,  leaving  some  audissolved  sllex  behind  ;  the  addition  of  oxalate 
of  ammonia  gives  a  copious  precipitate  of  lime.  He  further  re- 
ZDArks,  that  according  to  Von  Kobell,  anorthite  (a  mineral  occurring 
in  the  ejected  fragments  at  Mount  Somna)  is  always  white  and 
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but  in  their  interstices  there  is  some  white  granular 
feldspar,  abundant  scales  of  mica,  a  little  altered  horn- 
blende, and,  as  I  believe,  no  quartz.  I  have  described 
these  fragments  in  detail,  because  it  is  rare  *  to  find 
granitic  rocks  ejected  from  volcanos  with  their  minerals 
unchanged^  as  is  the  case  with  the  first  specimen,  and 
partially  with  the  second.  One  other  large  fragment, 
found  in  another  spot,  is  deserving  of  notice ;  it  is  a 
conglomerate,  containing  small  fragments  of  granitic, 
cellular,  and  jaspery  rocks,  and  of  hornstone  porphyries, 
embedded  in  a  base  of  wacke,  threaded  by  numerous 
thin  layers  of  a  concretionary  pitchstone  passing  into 
obsidian.  These  layers  are  parallel,  slightly  tortuous, 
and  short ;  they  thin  out  at  their  ends,  and  resemble  in 
form  the  layers  of  quartz  in  gneiss.  It  is  probable 
that  these  small  embedded  fragments  were  not  separately 
ejected,  but  were  entangled  in  a  fluid  volcanic  rock, 
allied  to  obsidian ;  and  we  shall  presently  see  that 
several  varieties  of  this  latter  series  of  rock  assume  a 
laminated  structure. 

Trachytic  series  of  rocks, — Those  occupy  the  more 
elevated  and  central,  and  likewise  the  south-eastern, 
parts  of  the  island.  The  trachyte  is  generally  of  a  pale 
brown  colour,  stained  with  small  darker  patches ;  it 
contains  broken  and  bent  crystals  of  glassy  feldspar, 

traDsparent,  so  that  if  this  be  the  case,  these  crystals  from  Ascension 
must  be  considered  as  Labrador  feldspar.  Prof.  MiUer  adds,  that 
he  has  seen  an  account,  in  Erdmann's  '  Journal  f (ir  technische 
Chemie/  of  a  mineral  ejected  from  a  volcano,  which  had  the  external 
characteis  of  Labrador  feldspar,  but  differed  in  the  analysis  from 
that  given  by  mineralogists  of  this  mineral :  the  author  attributed 
this  4it1erence  to  an  error  in  the  analysis  of  Labrador  feldspar, 
which  is  very  old. 

*  Daubeny,  in  his  work  on  Volcanos  (p.  389),  remarks  that  this 
is  the  case ;  and  Humboldt,  in  his  *  Personal  Narrative  *  (vol.  i. 
p.  2:56),  says,  *■  In  general,  the  masses  of  known  primitive  rocks,  I 
mean  those  which  perfectly  resemble  our  granites,  gneiss,  and  mica- 
slate,  are  very  rare  in  lavas  :  the  substances  we  generally  denote  by 
the  name  of  granite,  thrown  out  bj  Vesuvius,  are  mixtures  of 
nepheiine,  mica,  and  pyroxene.' 
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grains  of  specular  iron,  and  black  microscopical  points, 
which  latter,  from  being  easily  fused,  and  then  becom- 
ing magnetic,  I  presume  are  hornblende.  The  greater 
nuiLber  of"  the  hills,  however,  are  composed  of  a  quite 
white,  friable  stone,  appearing  like  a  trachytic  tuif. 
Obsidian,  hornstone,  and  several  kinds  of  laminated 
feldspathic  rocks,  are  associated  with  the  trachyte. 
There  is  no  distinct  stratification ;  nor  could  I  distin- 
guish a  crateriform  structure  in  any  of  the  hills  of  this 
series.  Considerable  dislocations  have  taken  place; 
and  many  fissures  in  these  rocks  are  yet  left  open,  or 
are  only  partially  filled  with  loose  fragments.  Within 
the  space,^  mainly  formed  of  trachyte,  some  basaltic 
streams  have  burst  forth ;  and  not  far  from  the  summit 
of  Green  Mountain,  there  is  one  stream  of  quite  black, 
vesicular  basalt,  containing  minute  crystals  of  glassy 
feldspar,  which  have  a  rounded  appearance. 

The  soft  white  stone  above  mentioned  is  remarkable 
from  its  singular  resemblance,  when  viewed  in  mass,  to 
a  sedimentary  tuff:  it  was  long  before  I  could  persuade 
myself  that  such  was  not  its  origin  ;  and  other  geologists 
have  been  perplexed  by  closely  similar  formations  in 
trachytic  regions.  In  two  cases,  this  white  earthy  stone 
formed  isolated  hills  ;  in  a  third,  it  was  associated  with 
columnar  and  laminated  trachyte ;  but  I  was  unable  to 
trace  an  actual  junction.  It  contains  numerous  crystals 
of  glassy  feldspar  and  black  microscopical  specks,  and 
is  marked  with  small  darker  patches,  exactly  as  in  the 
surrounding  trachyte.  Its  basis,  however,  when  viewed 
under  the  microscope,  is  generally  quite  earthy;  but 
sometimes  it  exhibits  a  decidedly  crystalline  structure. 
On  the  hill  marked  '  Crater  of  an  old  volcano,'  it  passes 

'  This  space  is  nearly  included  by  a  line  sweeping  round  Green 
Mountain,  and  joining  the  hills,  called  the  Weather  Port  Signal, 
Holyhead,  and  that  denominated  (improperly  in  a  geological  sense) 
*  the  Crater  of  an  old  volcano.' 
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into  a  pale  greenish-gray  variety,  differing  only  in  its 
colour,  and  in  not  being  so  earthy ;  the  passage  was  in 
one  case  effected  insensibly  ;  in  another,  it  was  formed 
by  numerous,  rounded  and  angular,  masses  of  the  green- 
ish variety,  being  embedded  in  the  white  variety  ; — in 
this  latter  case,  the  appearance  was  very  much  like  that 
of  a  sedimentary  deposit,  torn  up  and  abraded  during 
the  deposition  of  a  subsequent  stratum.  Both  these 
varieties  are  traversed  by  innumerable  tortuous  veins 
(presently  to  be  described),  which  are  totally  unlike 
injected  dikes,  or  indeed  any  other  veins  which  I  have 
ever  seen.  Both  varieties  include  a  few  scattered  frag- 
ments, large  and  small,  of  dark-coloured  scoriaceous 
rocks,  the  cells  of  some  of  which  are  partially  filled  with 
the  white  earthy  stone;  they  likewise  include  some 
huge  blocks  of  a  cellular  porphyry.*  These  fragments 
project  from  the  weathered  surface,  and  perfectly  re- 
semble fragments  embedded  in  a  true  sedimentary  tuff. 
But  as  it  is  known  that  extraneous  fragments  of  cellu- 
lar rock  are  sometimes  included  in  columnar  trachyte, 
in  phonolite,'  and  in  other  compact  lavas,  this  circum- 
stance is  not  any  real  argument  for  the  sedimentary 
origin  of  the  white  earthy  stone.*  The  insensible 
passage  of  the  greenish  variety  into  the  white  one, 
and  likewise  the  more  abrupt  passage  by  fragments  of 
the  former  being  embedded  in  the  latter,  might  result 

'  The  porphyry  is  dark  colonred ;  it  contains  numerous,  often 
fractured,  crystals  of  wliite  opaque  feldspar,  also  decomposing 
crystals  of  oxide  of  iron ;  its  vesicles  include  masses  of  delicate, 
hair-like,  crystals,  apparently  of  analcime. 

«  D'Aubuisson,  *  Trait 6  de  06ognosie,'  torn.  ii.  p.  648. 

■  Dr.  Daubeny  (on  Volcanos,  p.  1 80)  seems  to  have  been  led  to 
believe  that  certain  trachytic  formations  of  Iscuia  and  of  the  Puy 
de  D6me,  which  closely  resemble  these  of  Ascension,  were  of  sedi- 
mentary origin,  chiefly  from  the  frequent  presence  in  them  *of 
Bcoriform  portions,  difEerent  in  colour  &om  the  matrix.'  Dr.  Daubeny 
adds,  that  on  the  other  hand,  Brocchi,  and  other  eminent  geologists, 
have  considered  these  beds  as  earthy  varieties  of  trachyte ;  he  ooa* 
ciders  the  subject  deserving  of  further  attentioxL 
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from  sliglit  differences  in  the  composition  of  the  same 
mass  of  molten  stone,  and  from  the  abrading  action  of 
one  snch  part  still  fluid  on  another  part  already  solidi- 
fied. The  curiously  formed  veins  have,  I  believe,  been 
formed  by  siliceous  matter  being  subsequently  segre- 
gated. But  my  chief  reason  for  believing  that  these 
soft  earthy  stones,  with  their  extraneous  firagments,  are 
not  of  sedimentary  origin,  is  the  extreme  improbability 
of  crystals  of  feldspar,  black  microscopical  specks,  and 
small  stains  of  a  darker  colour  occurring  in  the  same 
proportional  numbers  in  an  aqueous  deposit,  and  in 
masses  of  solid  trachyte.  Moreover,  as  I  have  remarked, 
the  microscope  occasionally  reveals  a  crystalline  struc- 
ture in  the  apparently  earthy  basis.  On  the  other 
band,  the  partial  decomposition  of  such  great  masses  of 
trachyte,  forming  whole  mountains,  is  undoubtedly  a 
circumstance  of  not  easy  explanation. 

Veins  in  the  ea/rthy  trachytic  masses. — These  veins 
are  extraordinarily  numerous,  intersecting  in  the  most 
complicated  manner  both  coloured  varieties  of  the 
earthy  trachyte :  they  are  best  seen  on  the  flanks  of 
the  *  Crater  of  the  old  volcano.'  They  contain  crystals 
of  glassy  feldspar,  black  microscopical  specks  and  little 
dark  stains,  precisely  as  in  the  surrounding  rock ;  but 
the  basis  is  very  different,  being  exceedingly  hard, 
compact,  somewhat  brittle,  and  of  rather  less  easy 
fusibility.  The  veins  vary  much,  and  suddenly,  from 
the  tenth  of  an  inch  to  one  inch  in  thickness ;  they 
often  thin  out,  not  only  on  their  edges,  but  in  their 
central  parts,  thus  leaving  round,  irregular  apertures ; 
their  surfaces  are  rugged.  They  are  inclined  at  every 
possible  angle  with  the  horizon,  or  are  horizontal ;  they 
are  generally  curvilinear,  and  oflen  interbranch  one 
with  another.  From  their  hardness  they  withstand 
weathering,  and  projecting  two  or  three  feet  above  the 
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ground,  they  occasionally  extend  some  yards  in  length  ; 
these  plate-like  veins,  when  struck,  emit  a  sonnd,  almost 
like  that  of  a  drum,  and  they  may  be  distinctly  seen  to 
vibrate;  their  fragments,  which  are  strewed  on  the 
ground,  clatter  like  pieces  of  iron  when  knocked  against 
each  other.  They  often  assume  the  most  singular 
forms ;  I  saw  a  pedestal  of  the  earthy  trachyte,  covered 
by  a  hemispherical  portion  of  a  vein,  like  a  great 
umbrella,  sufiSciently  large  to  shelter  two  persons.  I 
have  never  met  with,  or  seen  described,  any  veins  like 
these ;  but  in  form  they  resemble  the  ferruginous  seams, 
due  to  some  process  of  segregation,  occurring  not  un- 
commonly in  sandstones, — for  instance,  in  the  New  Red 
sandstone  of  England.  Numerous  veins  of  jasper  and 
of  siliceous  sinter,  occurring  on  the  summit  of  this 
same  hill,  show  that  there  has  been  some  abundant 
source  of  silica,  and  as  these  plate-like  veins  differ  from 
the  trachyte  only  in  their  greater  hardness,  brittleness, 
and  less  easy  fusibility,  it  appears  probable  that  their 
origin  is  due  to  the  segregation  or  infiltration  of  silice- 
ous matter,  in  the  same  manner  as  happens  with  the 
oxides  of  iron  in  many  sedimentary  rocks. 

Siliceous  sinter  and  jasper, — The  siliceous  sinter 
is  either  quite  white,  of  little  specific  gravity,  and  with 
a  somewhat  pearly  fracture,  passing  into  pinkish  pearly 
quartz ;  or  it  is  yellowish  white,  with  a  harsh  fracture, 
and  it  then  contains  an  earthy  powder  in  small  cavities. 
Both  varieties  occur,  either  in  large  irregular  masses 
in  the  altered  trachyte,  or  in  seams  included  in  broad, 
vertical,  tortuous,  irregular  veins  of  a  compact,  harsh, 
stone  of  a  dull  red  colour,  appearing  like  a  sandstone. 
This  stone,  however,  is  only  altered  trachyte;  and  a 
nearly  similar  variety,  but  often  honeycombed,  some- 
times adheres  to  the  projecting  plate-like  veins,  de- 
scribed  in  the  last  parsgraph.     The  jasper  is  of  an  ochre 
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yellow  or  red  colour ;  it  occnrs  in  large  irregular  masses, 
and  Bometimes  in  veins,  both  in  the  altered  trachyte 
aad  in  an  associated  mass  of  scoriaceous  basalt.  The 
cells  of  the  scoriaceous  basalt  are  lined  or  filled  with 
fine,  concentric  layers  of  chalcedony,  coated  and  studded 
with  bright-red  oxide  of  iron.  In  this  rock,  especially 
in  the  rather  more  compact  parts,  irregular  angular 
patches  of  the  red  jasper  are  included,  the  edges  of 
which  insensibly  blend  into  the  surrounding  mass; 
other  patches  occur  having  an  intermediate  character 
between  perfect  jasper  and  the  ferruginous,  decomposed, 
basaltic  base.  In  these  patches,  and  likewise  in  the 
large  vein-like  masses  of  jasper,  there  occur  little 
pounded  cavities,  of  exactly  the  same  size  and  form 
with  the  air-cells,  which  in  the  scoriaceous  basalt  are 
filled  and  lined  with  layers  of  chalcedony.  Small  frag- 
ments of  the  jasper,  examined  under  the  microscope, 
seem  to  resemble  the  chalcedony  with  its  colouring 
matter  not  separated  into  layers,  but  mingled  in  the 
siliceous  paste,  together  with  some  impurities.  I  can 
understand  these  facts, — namely,  the  blending  of  the 
jasper  into  the  semi-decomposed  basalt, — its  occurrence 
in  angular  patches,  which  clearly  do  not  occupy  pre- 
existing hollows  in  the  rock, — and  its  containing  little 
vesicles  filled  with  chalcedony,  like  those  in  the  scori- 
aceous lava, — only  on  the  supposition  that  a  fluid, 
probably  the  same  fluid  which  deposited  the  chalcedony 
in  the  air-cells,  removed  in  those  parts  where  there 
were  no  cavities,  the  ingredients  of  the  basaltic  rock, 
and  lefl  in  their  place  silica  and  iron,  and  thus  pro- 
duced the  jasper.  In  some  specimens  of  silicified  wood, 
I  have  observed,  that  in  the  same  manner  as  in  the 
basalt,  the  solid  parts  were  converted  into  a  dark- 
coloured  homogeneous  stone,  whereas  the  cavities 
formed  by  the  larger  sap-vessels  (which  may  be  com- 
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pared  with  the  air-vesicles  in  the  basaltic  lava)  and 
other  irregular  hollows,  apparently  produced  by  decay, 
were  filled  with  concentric  layers  of  chalcedony ;  in  this 
case,  there  can  be  little  doubt  that  the  same  fluid 
deposited  the  homogeneous  base  and  the  chalcedonio 
layers.  After  these  considerations,  I  cannot  doubt  but 
that  the  jasper  of  Ascension  may  be  viewed  as  a  volcanio 
rock  silicified,  in  precisely  the  same  sense  as  this  term 
is  applied  to  wood,  when  silicified;  we  are  equally 
ignorant  of  the  means  by  which  every  atom  of  wood, 
whilst  in  a  perfect  state,  is  removed  and  replaced  by 
atoms  of  silica,  as  we  are  of  the  means  by  which  the 
constituent  parts  of  a  volcanic  rock  could  be  thus  acted 
on.^  I  was  led  to  the  careful  examination  of  these  rocks, 
and  to  the  conclusion  here  given,  from  having  heard 
the  Rev.  Professor  Henslow  express  a  similar  opinion, 
regarding  the  origin  in  trap-rocks  of  many  chalcedonies 
and  agates.  Siliceous  deposits  seem  to  be  very  general, 
if  not  of  universal  occurrence,  in  partially  decomposed 
trachytic  tuffs ; '  and  as  these  hills,  according  to  the 
view  above  given,  consist  of  trachyte  softened  and 
altered  in  situ^  the  presence  of  free  silica  in  this  case 
may  be  added  as  one  more  instance  to  the  list. 

Concretions  in  pumiceous  tuff. — The    hill,    marked 

*  Beudant  ('Voyage  en  Hongrie,*  torn.  iii.  pp.  502,  50«l ) descrihea 
kidney-shaped  masses  of  jasper-opal,  which  cither  blend  into  the 
surrounding  trachytic  conglomerate,  or  are  embedded  in  it  like  chalk- 
Hints  ;  and  he  compares  them  with  the  fragments  of  opalised  wood, 
which  are  abundant  in  this  same  formation.  Beudant,  however, 
appears  to  have  viewed  the  process  of  their  formation  rather  as  one 
of  simple  intiltration  than  of  molecular  exchange ;  but  the  presence 
of  a  concretion,  wholly  different  from  the  surrounding  matter,  if  not 
formed  in  a  pre-existing  hollow,  clearly  seems  to  me  to  require,  either 
a  molecular  or  mechanical  displacement  of  the  atoms,  which  occu- 
pied the  space  afterwards  filled  by  it.  The  jasper-opal  of  Hungary 
passes  into  chalcedony,  and  therefore  in  this  case,  as  in  that  of  Ascen- 
sion,  jasper  seems  to  be  intimately  related  in  origin  with  chalcedony. 

*  Beudant  (*  Voyage  Min.'  tom.  iii.  p.  607)  enumerates  cases  la 
Hungary,  Germany,  Central  Franoe,  Italy,  Greece,  and  Mexico. 
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in  the  map  ^  Grater  of  an  old  volcano/  has  no  claims  to 
this  appeUation,  which  I  could  discover,  except  in  being 
sormoonted  by  a  circular,  very  shallow,  saucer-like 
sammit,  nearly  half  a  mile  in  diameter.  This  hollow 
has  been  nearly  filled  up  with  many  successive  sheets  of 
ashes  and  scoriae,  of  different  colours,  and  slightly  con- 
solidated. Each  successive  saucernshaped  layer  crops 
oat  all  round  the  margin,  forming  so  many  rings  of 
various  colours,  and  giving  to  the  hill  a  fantastic 
appearance.  The  outer  ring  is  broad,  and  of  a  white 
colour ;  hence  it  resembles  a  course  round  which  horses 
have  been  exercised,  and  has  received  the  name  of  the 
Devil's  Riding  School,  by  which  it  is  most  generally 
known.  These  successive  layers  of  ashes  must  have 
fallen  over  the  whole  surrounding  country,  but  they 
have  all  been  blown  away  except  in  this  one  hollow, 
in  which  probably  moisture  accumulated,  either  during 
an  extraordinary  year  when  rain  fell,  or  during  the 
storms  often  accompanying  volcanic  eruptions.  One  of 
the  layers  of  a  pinkish  colour,  and  chiefly  derived 
from  small,  decomposed  fragments  of  pumice,  is  remark- 
able, from  containing  numerous  concretions.  These 
are  generally  spherical,  from  half-an-inch  to  three 
inches  in  diameter ;  but  they  are  occasionally  cylin- 
drical, like  those  of  iron-pyrites  in  the  chalk  of  Europe. 
They  consist  of  a  very  tough,  compact,  pale-brown 
stone,  with  a  smooth  and  even  fracture.  They  are 
divided  into  concentric  layers  by  thin  white  partitions, 
resembling  the  external  superficies ;  six  or  eight  of 
such  layers  are  distinctly  defined  near  the  outside ;  but 
those  towards  the  inside  generally  become  indistinct, 
and  blend  into  a  homogeneous  mass.  I  presume  that 
these  concentric  layers  were  formed  by  the  shrinking  of 
the  concretion,  as  it  became  compact.  The  interior 
part  is  generally  fissured  by  minute  cracks  or  septaria 
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which  are  lined,  both  by  black,  metallic,  and  by  other 
white  and  crystalline  specks,  the  nature  of  which  I  was 
unable  to  ascertain.  Some  of  the  larger  concretions 
consist  of  a  mere  spherical  shell,  filled  with  slightly 
consolidated  ashes.  The  concretions  contain  a  small 
proportion  of  carbonate  of  lime:  a  fragment  placed 
under  the  blowpipe  decrepitates,  then  whitens  and 
fuses  into  a  blebby  enamel,  but  does  not  become  caustic. 
The  surrounding  ashes  do  not  contain  any  carbonate  of 
lime ;  hence  the  concretions  have  probably  been  formed, 
as  is  so  oflen  the  case,  by  the  aggregation  of  this  sub- 
stance. I  have  not  met  with  any  account  of  similar 
concretions ;  and  considering  their  great  toughness  and 
compactness,  their  occurrence  in  a  bed,  which  probably 
has  been  subjected  only  to  atmospheric  moisture,  is 
remarkable. 

Formation  of  calcareous  rocks  on  the  sea-coast, — 
On  several  of  the  sea-beaches,  there  are  immense  accu- 
mulations of  small,  well-rounded  particles  of  shells  and 
corals,  of  white,  yellowish,  and  pink  colours,  inter- 
spersed with  a  few  volcanic  particles.  At  the  depth  of 
a  few  feet,  these  are  found  cemented  together  into 
stone,  of  which  the  softer  varieties  are  used  for  build- 
ing; there  are  other  varieties,  both  coarse  and  fine- 
grained, too  hard  for  this  purpose  :  and  I  saw  one 
mass  divided  into  even  layers  half-an-inch  in  thickness, 
which  were  so  compact  that  when  struck  with  a  hammer 
they  rang  like  flint.  It  is  believed  by  the  inhabitants, 
that  the  particles  become  united  in  the  course  of  a 
single  year.  The  union  is  effected  by  calcareous 
matter ;  and  in  the  most  compact  varieties,  each 
rounded  particle  of  shell  and  volcanic  rock  can  be  dis- 
tinctly seen  to  be  enveloped  in  a  husk  of  pellucid 
carbonate  of  lime.  Extremely  few  perfect  shells  are 
embedded  in  these  agglutinated  masses  ;    and  I  have 
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examined  even  a  large  fragment  under  a  microscope, 
without  being  able  to  discover  the  last  vestige  of  stria9 
or  other  marks  of  external  form :  this  shows  how  loug 
each  particle  must  have  been  rolled  about,  before  its 
turn  came  to  be  embedded  and  cemented.*  One  of  the 
most  compact  varieties,  when  placed  in  acid,  was  en- 
tirely dissolved,  with  the  exception  of  some  flocculent 
animal  matter;  its  specific  gravity  was  2*63.  The 
specific  gravity  of  ordinary  limestone  varies  from  2*6  to 
2*75  ;  pure  Carrara  marble  was  found  by  Sir  H.  De  la 
Beche*  to  be  2*7.  It  is  remarkable  that  these  rocks  of 
Ascension,  formed  close  to  the  surface,  should  be  nearly 
as  compact  as  marble,  which  has  undergone  the  action 
of  heat  and  pressure  in  the  plutonic  regions. 

The  great  accumulation  of  loose  calcareous  particles, 
lying  on  the  beach  near  the  Settlement,  commences  in 
the  month  of  October,  moving  towards  the  SW.,  which, 
as  I  was  informed  by  Lieut.  Evans,  is  caused  by  a  change 
in  the  prevailing  direction  of  the  currents.  At  this  period 
the  tidal  rocks,  at  the  SW.  end  of  the  beach,  where  the 
calcareous  sand  is  accumulating,  and  round  which  the 
currents  sweep,  become  gradually  coated  with  a  calcare- 
ous incrustation,  half-an-inch  in  thickness.  It  is  quite 
white,  compact,  with  some  parts  slightly  spathose,  and 
is  firmly  attached  to  the  rock.  After  a  short  time  it 
gradually  disappears,  being  either  redissolved,  when 
the  water  is  less  charged  with  lime,  or  more  probably  is 
mechanically  abraded.  Lieut.  Evans  has  observed  these 
facts,  during  the  six  years  he  has  resided  at  Ascension. 
The  incrustation  varies  in  thickness  in  different  years  : 
in  1831  it  was  unusually  thick.     When  I  was  there  in 

'  The  eggs  of  the  turtle  being  buried  by  the  parent,  sometimes 
become  enclosed  in  the  Eolid  rock.  Mr.  LyeU  has  given  a  figure 
(*  Principles  of  Geology/  book  iii.  ch.  17)  of  some  eggs,  containing 
Ibe  bones  of  young  turtles,  found  thus  entombed. 

'  *  Besearches  in  Theoretical  Qeology,'  p.  12. 
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Jnly,  there  was  no  renmant  of  the  mcmBtation ;  but  on 
a  point  of  basalt,  from  which  the  qoarrymen  had  lately 
removed  a  mass  of  the  calcareous  freestone,  the  incrosta- 
tioiL  was  perfectly  preserved.  Considering  the  poeitioD 
of  the  tidal  rocks,  and  the  period  at  which  they  become 
coat6d,  there  can  be  no  doabt  that  the  movement  and  dis- 
torbance  of  the  vast  accnmnlation  of  calcareous  particles, 
many  of  them  being  partially  agglntinated  together, 
canae  the  waves  of  the  sea  to  be  so  highly  charged 
with  carbonate  of  lime,  that  they  deposit  it  on  the  first 
objects  against  which  they  impinge.  I  have  been  iu- 
fcn-med  by  Lient.  Holland,  R.N.,  that  this  incmsta- 
tum  is  formed  on  many  parts  of  the  coast,  on  most  of 
which,  I  believe,  there  are  likewise  great  masses  of 
comminuted  shells. 

A  frondeecent  caUareovs  incmstation. — In  many 
respects  this  is  a  singular  deposit ;  it  coats  through- 
out the  year  t^e  tidal  volcanic  rocks,  that  project  from 

1)0.6. 


An  ImrmlaUoD  od  uloueoiu  and 


the  beaches  composed  of  broken  shells.  Its  general 
appearance  is  well  represented  in  the  accompanying 
woodcut ;  but  the  fronds  or  disks,  of  which  it  is  com- 
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posed,  are  generally  so  closely  crowded  together  as  to 
tonch.  These  fronds  have  their  sinuous  edges  finely 
crenulated,  and  they  project  over  their  pedestals  or 
supports ;  their  upper  surfaces  are  either  slightly  con- 
cave, or  slightly  convex ;  they  are  highly  polished,  and 
of  a  dark  gray  or  jet  black  colour ;  their  form  is  irre- 
gular, generally  circular,  and  from  the  tenth  of  an  inch 
to  one  inch  and  a-half  in  diameter ;  their  thickness,  or 
amount  of  their  projection  from  the  rock  on  which  they 
stand,  varies  much,  about  a  quarter  of  an  inch  being  per- 
haps most  usual.  The  frt)nds  occasionally  become  more 
and  more  convex,  until  they  pass  into  botryoidal  masses 
with  their  summits  fissured ;  when  in  this  state,  they  are 
glossy  and  of  an  intense  black,  so  as  to  resemble  some 
fused  metallic  substance.  I  have  shown  the  incrustation, 
both  in  this  latter  and  in  its  ordinary  state  to  several 
geologists,  but  not  one  could  conjecture  its  origin,  except 
that  perhaps  it  was  of  volcanic  nature ! 

The  substance  forming  the  fronds  has  a  very  com- 
pact and  often  almost  crystalline  fracture ;  the  edges 
being  translucent,  and  hard  enough  easily  to  scratch 
calcareous  spar.  Under  the  blowpipe  it  immediately  be- 
comes white,  and  emits  a  strong  animal  odour,  like  that 
from  fresh  shells.  It  is  chiefly  composed  of  carbonate 
of  lime ;  when  placed  in  muriatic  acid  it  froths  much, 
leaving  a  residue  of  sulphate  of  lime,  and  of  an  oxide  of 
iron,  together  with  a  black  powder,  which  is  not  soluble 
in  heated  acids.  This  latter  substance  seems  to  be  car- 
bonaceous, and  is  evidently  the  colouring  matter.  The 
sulphate  of  lime  is  extraneous,  and  occurs  in  distinct, 
excessively  minute,  lamellar  plates,  studded  on  the  sur- 
faces of  the  fronds,  and  embedded  between  the  fine 
layers  of  which  they  are  composed  ;  when  a  fragment  is 
heated  in  the  blqwpipe,  these  lamellae  are  immediately 
rendered  visible.      The  original  outline  of  the  fix)nds 
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may  often  be  traced,  either  to  a  minute  particle  of  shell 
fixed  in  a  crevice  of  the  rock,  or  to  several  cemented 
together;  these  first  become  deeply  corroded,  by  the 
dissolving  power  of  the  waves,  into  sharp  ridges,  and 
then  are  coated  with  successive  layers  of  the  glossy, 
gray,  calcareous  incrustation.  The  inequalities  of  the 
primary  support  aflFect  the  outline  of  every  successive 
layer,  in  the  same  manner  as  may  often  be  seen  in 
bezoar-stones,  when  an  object  like  a  nail  forms  the 
centre  of  aggregation.  The  crenulated  edges,  how- 
ever, of  the  frond  appear  to  be  due  to  the  corroding 
power  of  the  surf  on  its  own  deposit,  alternating  with 
fresh  depositions.  On  some  smooth  basaltic  rocks  on 
the  coast  of  St.  Jago,  I  found  an  exceedingly  thin  layer 
of  brown  calcareous  matter,  which  under  a  lens  pre- 
sented a  miniature  likeness  of  the  crenulated  and 
polished  fronds  of  Ascension  ;  in  this  case  a  basis  was 
not  afforded  by  any  projecting  extraneous  particles. 
Although  the  incrustation  at  Ascension  is  persistent 
throughout  the  year  ;  yet  from  the  abraded  appearance 
of  some  parts,  and  from  the  fresh  appearance  of  other 
parts,  the  whole  seems  to  undergo  a  round  of  decay 
and  renovation,  due  probably  to  changes  in  the  form 
of  the  shifting  beach,  and  consequently  in  the  action 
of  the  breakers :  hence  probably  it  is,  that  the  incrusta- 
tion never  acquires  a  great  thickness.  Considering  the 
position  of  the  incrusted  rocks  in  the  midst  of  the  cal- 
careous beach,  together  with  its  composition,  I  think 
there  can  be  no  doubt  that  its  origin  is  due  to  the  dis- 
solution and  subsequent  deposition  of  the  matter  com- 
posing the   rounded  particles   of  shells     and    corals.* 

*  The  selenite,  as  I  have  remarked,  is  extraneous,  and  most  have 
been  derived  from  the  sea-water.  It  is  an  interesting  circumstance 
thus  to  find  the  waves  of  the  ocean,  sufficiently  charged  with  sul- 
phate of  lime,  to  deposit  it  on  the  rocks,  against  which  they  dash 
every  tide.     Dr.  Wcbeter  has  described  (*  Voyage  of  the  "  Chauti- 
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From  this  sonrce  it  derives  its  animal  matter,  which 
is  evidently  the  colouring  principle.  The  nature  of 
the  deposit,  in  its  incipient  stage,  can  oflen  be  well 
seen  upon  a  fragment  of  white  shell,  when  jammed  be- 
tween two  of  the  fronds ;  it  then  appears  exactly  like 
the  thinnest  wash  of  a  pale  gray  varnish.  Its  darkness 
varies  a  little,  but  the  jet  blackness  of  some  of  the 
fronds  and  of  the  botryoidal  masses  seems  due  to  the 
translucency  of  the  successive  gray  layers.  There  is, 
however,  this  singular  circumstance,  that  when  de- 
posited  on  the  under  side  of  ledges  of  rock  or  in  fissures, 
it  appears  always  to  be  of  a  pale,  pearly  gray  colour, 
even  when  of  considerable  thickness  :  hence  one  is  led 
to  suppose,  that  an  abundance  of  light  is  necessary  to 
the  development  of  the  dark  colour,  in  the  same 
manner  as  seems  to  be  the  case  with  the  upper  and  ex- 
posed surfaces  of  the  shells  of  living  moUusca,  which 
are  always  dark,  compared  with  their  under  surfaces 
and  with  the  parts  habitually  covered  by  the  mantle  of 
the  animal.  In  this  circumstance, — in  the  immediate 
loss  of  colour  and  in  the  odour  emitted  under  the  blow- 
pipe,— in  the  degree  of  hardness  and  translucency  of 
the  edges, — and  in  the  beautiful  polish  of  the  surface,* 
rivalling  when  in  a  fresh  state  that  of  the  finest  Oliva, 
there  is  a  striking  analogy  between  this  inorganic  in- 


cleer,"*  vol.  ii.  p.  819)  beds  of  gypsum  and  salt,  as  much  as  two  feet 
in  thickness,  left  by  the  evaporation  of  the  spray  on  the  rocks  on 
the  windward  coast.  Beautiful  stalactites  of  selenite,  resembling 
in  form  tho^e  of  carbonate  of  lime,  are  formed  near  these  beds. 
Amorphous  masses  of  gypsum,  also,  occur  in  caverns  in  the  interior 
of  the  island ;  and  at  Cross  Hill  (an  old  crater)  J  saw  a  considerable 
quantity  of  salt  oozing  from  a  pile  of  scorise.  In  these  latter  cases, 
the  salt  and  gypsum  appear  to  be  volcanic  products. 

*  From  the  fact  described  in  my  *  Journal  of  Researches '  (p.  12), 
of  a  coating  of  oxide  of  iron,  deposited  by  a  streamlet  on  the  rocks 
in  its  bed  (like  a  nearly  similar  coating  at  the  great  cataracts  of  the 
Orinooco  and  Nile),  becoming  finely  polished  where  the  surf  acts,  I 
presume  that  the  surf  in  this  instance,  also,  is  the  polishing  agent. 
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crostation  and  the  fihella  of  living  molluscous  animals.^ 
This  appears  to  me  to  be  an  interesting  physiological 
fact.« 

Shigula/r  laminated  beds  dUerruiting  with  and 
passing  itUo  obsidian. — These  beds  occur  within  the 
trachytic  district,  at  the  western  base  of  Green  Mountain, 
under  which  they  dip  at  a  high  inclination.  They  are 
only  partially  exposed,  being  covered  up  by  modem 
ejections ;  from  this  cause,  I  was  unable  to  trace  their 
junction  with  the  trachyte,  or  to  discover  whether  they 
had  jQowed  as  a  stream  of  lava,  or  had  been  injected 
amidst  the  overlying  strata.  There  are  three  principal 
beds  of  obsidian,  of  which  the  thickest  forms  the  base 
of  the  section.  The  alternating  stony  layers  appear  to 
me  eminently  curious,  and  shall  be  first  described,  and 
afterwards  their  passage  into  the  obsidian.  They  have 
an  extremely  diversified  appearance ;  five  principal 
varieties  may  be  noticed,  but  these  insensibly  blend 
into  each  other  by  endless  gradations. 

First, — A  pale  gray,  irregularly  and  coarsely  lami- 
nated,* harsh- feeling  rock,  resembling  clay-slate  which 

>  In  the  Bection  descriptive  of  St.  Paul's  Rocks,  I  have  described 
a  glossy,  pearly  substance,  which  coats  the  rocks,  and  an  allied 
Btalactitical  iocrustation  from  Ascension,  the  crust  of  which  re- 
sembles the  enamel  of  teeth,  but  is  hard  enough  to  scratch  plate 
glass.  Both  these  substances  contain  animal  matter,  and  seem  to 
have  been  derived  from  water  infiltering  through  birds*  dung. 

•  Mr.  Homer  and  Sir  David  Brewster  have  described  ('  Philo- 
sophical Transactions,'  1836,  p.  65)  a  singular  'artiticial  substance, 
resembling  shell.'  It  is  deposited  in  fine,  transparent,  highly- 
polished,  brown-coloured  laminae,  possessing  peculiar  optical  pro- 
perties, on  the  inside  of  a  vessel,  in  which  cloth,  first  prepared  with 
glue  and  then  with  lime,  is  made  to  revolve  rapidly  in  water.  It  is 
much  softer,  more  transparent,  and  contains  more  animal  matter, 
than  the  natural  incrustation  at  Ascension ;  but  we  here  again  see 
the  strong  tendency  which  carbonate  of  lime  and  animal  matter 
evince  to  form  a  solid  substance  allied  to  shell. 

'  This  term  is  open  to  some  misinterpretation,  as  it  may  be  applied 
both  to  rocks  divided  into  laminsB  of  exactly  the  same  compo>ition, 
and  to  layers  firmly  attached  to  each  other,  with  no  fissile  tendency, 
but  composed  of  di£[erent  minerals,  or  of  different  shades  of  colour. 
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has  been  in  contact  with  a  trap-dike,  and  with  a  frac- 
ture of  about  the  same  degree  of  crystalline  structure. 
This  rock,  as  well  as  the  following  varieties,  easily  fuse 
into  a  pale  glass.  The  greater  part  is  honey-combed 
with  irregular,  angular,  cavities,  so  that  the  whole  has 
a  curious  appearance,  and  some  fragments  resemble  in 
a  remarkable  manner  silicified  logs  of  decayed  wood. 
This  variety,  especially  where  more  compact,  is  often 
marked  with  thin  whitish  streaks,  which  are  either 
straight  or  wrap  round,  one  behind  the  other,  the  elon- 
gated carious  hollows. 

Secondly, — A  bluish  gray  or  pale  brown,  compact, 
heavy,  homogeneous  stone,  with  an  imgular,  uneven, 
earthy  fracture  ;  viewed,  however,  under  a  lens  of  high 
power,  the  fracture  is  seen  to  be  distinctly  crystalline, 
and  even  separate  minerals  can  be  distinguished. 

Thirdly, — ^A  stone  of  the  same  kind  with  the  last, 
but  streaked  with  numerous,  parallel,  slightly  tortuous, 
white  lines  of  the  thickness  of  hairs.  These  white  lines 
are  more  crystalline  than  the  parts  between  them  ;  and 
the  stone  splits  along  them:  they  frequently  expand 
into  exceedingly  thin  cavities,  which  are  often  only 
just  perceptible  with  a  lens.  The  matter  forming  the 
white  Unes  becomes  better  crystallised  in  these  cavities, 
and  Prof.  Miller  was  fortunate  enough,  after  several 
trials,  to  ascertain  that  the  white  crystals,  which  are  the 
largest,  were  of  quartz,^  and  that  the  minute  green  trans- 
parent needles  were  augite,  or,  as  they  would  more 
generally  be  called,  diopside :  besides  these  crystals, 
there  are  some  minute,  dark  specks  without  a  trace  of 

The  term  'laminated/  in  this  chapter,  is  applied  in  these  latter 
senses ;  where  a  homogeneous  rock  splits,  as  in  the  former  sense,  in 
a  given  direction,  like  clay-slate,  I  have  used  the  term  *  fissile.' 

*  Professor  Miller  informs  me  that  the  crystals  which  he  measured 
had  the  faces  P,  z,  m  of  the  figure  (147)  given  by  Haidinger  in  his 
Translation  of  Mohs :  and  he  adds,  that  it  is  remarkable,  that  none  of 
them  had  the  slightest  trace  of  faces  r  of  the  regular  six-sided  prism. 
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crystallisation,  and  some  fine,  white,  grannlar,  crystal- 
line matter  which  is  probably  feldspar.  Minute  frag- 
ments of  this  rock  are  easily  fusible. 

Fourthly, — A  compact  crystalline  rock,  banded  in 
straight  lines  with  innumerable  layers  of  white  and 
gray  shades  of  colour,  varying  in  width  from  the  ^th 
to  the  T^th  of  an  inch ;  these  layers  seem  to  be  com- 
posed chiefly  of  feldspar,  and  they  contain  numerous 
perfect  crystals  of  glassy  feldspar,  which  are  placed 
lengthways ;  they  are  also  thickly  studded  with  micro- 
scopically minute,  amorphous,  black  specks,  which  are 
placed  in  rows,  either  standing  separately,  or  more 
frequently  united,  two  or  three  or  several  together,  into 
black  Hues,  thinner  than  a  hair.  When  a  small  frag- 
ment is  heated  in  the  blowpipe,  the  black  specks  are 
easily  fused  into  black  brilliant  beads,  which  become 
magnetic, — characters  that  apply  to  no  common  mineral 
except  hornblende  or  augite.  With  the  black  specks 
there  are  mingled  some  others  of  a  red  colour,  which  are 
magnetic  before  being  heated,  and  no  doubt  are  oxide 
of  iron.  Round  two  little  cavities,  in  a  specimen  of 
this  variety,  I  found  the  black  specks  aggregated  into 
minute  crystals,  appearing  like  those  of  augite  or  horn- 
blende, but  too  dull  and  small  to  be  measured  by  the 
goniometer ;  in  this  specimen,  also,  I  could  distinguish 
amidst  the  crystalline  feldspar,  grains,  which  had  the 
aspect  of  quartz.  By  trying  with  a  parallel  ruler,  I 
found  that  the  thin  gray  layers  and  the  black  hair-like 
lines  were  absolutely  straight  and  parallel  to  each 
other.  It  is  impossible  to  trace  the  gradation  from  the 
homogeneous  gray  rocks  to  these  striped  varieties,  or 
indeed  the  character  of  the  different  layers  in  the  same 
specimen,  without  feeling  convinced  that  the  more  or 
less  perfect  whiteness  of  the  crystalline  feldspathio 
matter  depends  on  the  more  or  less  perfect  aggregation 
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of  difiused  matter,  into  the  black  and  red  specks  of 
hornblende  and  oxide  of  iron. 

Fifthly, — A  compact  heavy  rock,  not  laminated, 
with  an  irregnlar,  angular,  highly  crystalline,  fracture ; 
it  abounds  with  distinct  crystals  of  glassy  feldspar,  and 
the  crystalline  feldspathic  base  is  mottled  with  a  bluck 
mineral,  which  on  the  weathered  surface  is  seen  to  be 
aggregated  into  small  crystals,  some  perfect,  but  the 
greater  number  imperfect.  I  showed  this  specimen  to 
an  experienced  geologist,  and  asked  him  what  it  was, 
he  answered,  as  I  think  every  one  else  would  have  done, 
that  it  was  a  primitive  greenstone.  The  weathered 
surface,  also,  of  the  foregoing  (No.  4)  banded  variety, 
strikingly  resembles  a  worn  fragment  of  finely  laminated 
gneiss. 

These  five  varieties,  with  many  intermediate  ones, 
pass  and  repass  into  each  other.  As  the  compact 
varieties  are  quite  subordinate  to  the  others,  the  whole 
may  be  considered  as  laminated  or  striped.  The  laminae, 
to  sum  up  their  characteristics,  are  either  quite  straight, 
or  slightly  tortuous,  or  convoluted ;  they  are  all  parallel 
to  each  other,  and  to  the  intercalating  strata  of  obsidian ; 
they  are  generally  of  extreme  thinness;  they  consist 
either  of  an  apparently  homogeneous,  compact  rock, 
striped  with  different  shades  of  gray  and  brown  colours, 
or  of  crystalline  feldspathic  layers  in  a  more  or  less 
perfect  stato  of  purity,  and  of  different  thicknesses,  with 
distinct  crystals  of  glassy  feldspar  placed  lengthways,  or 
of  very  thin  layers  chiefly  composed  of  minute  crystals 
of  quartz  and  augite,  or  composed  of  black  and  red 
specks  of  an  augitic  mineral  and  of  an  oxide  of  iron, 
either  not  crystallised  or  imperfectly  so.  Afler  having 
fully  described  the  obsidian,  I  shall  return  to  the  subject 
of  the  lamination  of  rocks  of  the  trachy tic  series. 

The  passage  of  the  foregoing  beds  into  the  strata  of 
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glassy  obsidian  is  effected  in  several  ways :  first,  angnlo- 
nodiilar  masses  of  obsidian,  both  large  and  smally 
abruptly  appear  disseminated  in  a  slaty,  or  in  an  amor- 
phous, pale-coloured  feldspathic  rock,  with  a  somewhat 
pearly  fracture.  Secondly,  small  irregular  nodules  of 
the  obsidian,  either  standing  separately,  or  united  into 
thin  layers,  seldom  more  than  the  tenth  of  an  inch 
in  thickness,  alternate  repeatedly  with  very  thin  layers 
of  a  feldspathic  rock,  which  is  striped  with  the  finest 
parallel  zones  of  colour,  like  an  agate,  and  which  some- 
times passes  into  the  nature  of  pitchstone ;  the  interstices 
between  the  nodules  of  obsidian  are  generally  filled  by 
soft  white  matter,  resembling  pumiceons  ashes.  Thirdly, 
the  whole  substance  of  the  bounding  rock  suddenly 
passes  into  an  angulo-concretiouary  mass  of  obsidian. 
Such  masses  (as  well  as  the  small  nodules)  of  obsidian 
are  of  a  pale  green  colour,  and  are  generally  streaked 
with  different  shades  of  colour,  parallel  to  the  laminaB 
of  the  surrounding  rock  ;  they  likewise  generally  con- 
tain minute  white  sphaerulites,  of  which  half  is  some- 
times embedded  in  a  zone  of  one  shade  of  colour,  and 
half  in  a  zone  of  another  shade.  The  obsidian  assumes 
its  jet  black  colour  and  perfectly  conchoidal  fracture, 
only  when  in  large  masses ;  but  even  in  these,  on  careful 
examination  and  on  holding  the  specimens  in  different 
lights,  I  could  generally  distinguish  parallel  streaks  of 
different  shades  of  darkness. 

One  of  the  commonest  transitional  rocks  deserves  in 
several  respects  a  further  description.  It  is  of  a  very 
complicated  nature,  and  consists  of  numerous  thin, 
slightly  tortuous,  layers  of  a  pale-coloured  feldspathic 
stone,  often  passing  into  an  imperfect  pitchstone,  alter- 
nating with  layers  formed  of  numberless  little  globules 
of  two  varieties  of  obsidian,  and  of  two  kinds  of  sphsB- 
rulites,  embedded  in  a  soft  or  in  a  hard  pearly  base. 
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The  Bptsenilites  are  either  white  and  translucent,  or 
dark  brown  and  opaque ;  the  former  are  quite  Bpherical, 
of  small  size,  and  distinctly  radiated  from  their  centre. 
The  dark  brown  aphfemlites  are  less  perfectly  round, 
and  vary  in  diameter  from  the  ^th  to  ^^d-th  of  an  inch ; 
when  broken  they  exhibit  towards  their  centres,  which 
are  whitish,  an  obscure  radiating  structure;  two  of 
t^em  when  nnited,  sometimes  have  only  one  central 
point  of  radiation ;  there  ia  occasionally  a  trace  of  a 
hollow  or  crevice  in  their  centres.  They  stand  either 
separately,  or  are  united  two  or  three  or  many  together 
into  irregular  groups,  or  more  commonly  into  layers, 
parallel  to  the  stratification  of  the  mass.  This  union 
in  many  cases  is  so  perfect,  that  the  two  sides  of  the 
layer  thns  formed,  are  quite  even ;  and  these  layers,  aa 
thev  become  less  brown  and  opaque,  cannot  be  distin- 
guished from  the  alternating  layers  of  the  pale-coloure;l 
feldspathic  stone.  The  sphfcrulites,  when  not  united, 
are  generally  compressed  in  the  plane  of  the  lamination 
of  the  mass ;  and  in  this  same  plane,  they  are  often 
marked  internally,  by  zones  of  different  shades  of 
No.  6. 


colour,  and  externally  by  small  ridges  and  furrows.     In 
the  upper  part   of  the  accompanying   woodcut,   the 
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ephferuUtea  with  the  parallel  ridges  and  farrowe  are 
represented  on  an  enlai^ed  scale,  bat  they  are  not  well 
executed  ;  and  in  the  lower  part,  their  usual  manner  of 
groaping  is  shown.  In  another  specimen,  a  thin  layer 
formed  of  the  brown  spliEerulites  closely  united  together, 
intersecta,  as  represented  in  the  woodcut,  No.  7  a  layer 


A  l^er  ionnn'1  bv  the  untnn  or  minute  brown  ■phsmllWi,  iDlcnectlng  two  otlM 
glmUai  Uyen  -.  Ihe  AhuLe  reprtwnMd  ot  DtwJ;  the  lUCunil  siu. 

of  similar  composition ;  and  after  running  for  a  short 
space  in  a  slightly  cun-ed  line,  again  intersects  it,  and 
likewise  a  second  layer  lying  a  little  way  beneath  that 
first  intersected.  The  small  nodules  also  of  obsidian  are 
sometimes  externally  marked  with  ridges  and  furrows, 
parallel  to  the  lamination  of  the  miLss,  but  always  less 
plainly  than  the  sphterulites.  These  obsidian  nodules 
are  generally  angular,  with  tlieir  edges  blunted :  they 
are  often  impressed  with  the  form  of  the  adjoining 
BphsDrulites,  than  which  they  are  always  larger;  the 
separato  nodules  seldom  appear  to  have  drawn  each  other 
out  by  exerting  a  mutual  attractive  force.  Had  I  not 
found  in  some  cases,  a  distinct  centre  of  attraction  in 
these  nodules  of  obsidian,  I  should  have  been  led  to 
have  considered  them  as  residuary  matter,  left  during 
the  formation  of  the  pearlstone,  in  which  they  are 
embedded,  and  of  the  spliferulitic  globules. 

The  aphnsrulites  and  the  little  nodules  of  obsidian 
in  these  rocks  so  closely  resemble,  in  general  form  and 
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Btxucture,  concretions  in  sedimentary  deposits,  that  one 
is  at  once  tempted  to  attribute  to  them  an  analogous 
origin.  They  resemble  ordinary  concretions  in  the 
following  respects :  in  their  external  form, — in  the  union 
of  two  or  three,  or  of  several,  into  an  irregular  mass,  or 
into  an  even-sided  layer, — ip  the  occasional  intersection 
of  one  such  layer  by  another,  as  in  the  case  of  chalk- 
flintci, — in  the  presence  of  two  or  three  kinds  of  nodules, 
often  close  together,  in  the  same  basis, — in  their  fibrous, 
radiating  structure,  with  occasional  hollows  in  their 
centres, — in  the  co-existence  of  a  laminary,  concretionary, 
and  radiating  structure,  as  is  so  well  developed  in  the 
concretions  of  magnesian  limestone,  described  by  Pro- 
fessor Sedgwick.*  Concretions  in  sedimentary  deposits, 
it  is  known,  are  due  to  the  separation  from  the  sur- 
rounding mass  of  the  whole  or  part  of  some  mineral 
substance,  and  its  aggregation  round  certain  points  of 
attraction.  Guided  by  this  fact,  I  have  endeavoured 
to  discover  whether  obsidian  and  the  sphaerulites  (to 
which  may  be  added  marekanite  and  pearlstone,  both 
of  them  occurring  in  nodular  concretions  in  the  trachytic 
series)  differ  in  their  constituent  parts,  from  the  minerals 
generally  composing  trachytic  rocks.  It  appears  from 
three  analyses,  that  obsidian  contains  on  an  average  76 
per  cent,  of  silica ;  from  one  analysis,  that  sphaerulites 
contain  79'12 ;  from  two,  that  marekanite  contains 
79*25;  and  from  two  other  analyses,  that  pearlstone 
contains  75*62  of  silica.^  Now,  the  constituent  parts 
of  trachyte,  as  far  as  they  can  beJ  distinguished,  consist 
of  feldspar,  containing  65*21  of  silica ;  or  of  albite,  con- 
taining 69*09  ;  of  hornblende,  containing  55*27,^  and  of 

•  •  Geolo^cal  Transactions,'  vol.  iii.  part  i.  p.  37. 

■  The  foregoing  analyses  are  taken  from  Kcodant,  'Traits  de 
Min^ralogie/  torn,  ii  p.  113 ;  and  one  analysis  of  obsidian,  from 
Phillips's  •  Mineralogy.* 

*  These  analyses  are  taken  from  Yon  KobcU's  *  Grundzuge  der 
llineralogie,'  1S3S. 
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oxide  of  iron:  so  that  the  foregoing  glassy  concre- 
tionary substances  all  contain  a  larger  proportion  of 
silica  than  that  occurring  in  ordinary  feldspathic  or 
trachytic  rocks.  D'Aubuisson/  also,  has  remarked  on 
the  large  proportion  of  silica  compared  with  alumina, 
in  siz  analyses  of  obsidian  and  pearlstone  given  in 
Brongniart's  *  Mineralogy/  Hence  I  conclude,  that  the 
foregoing  concretions  have  been  formed  by  a  process  of 
aggregation,  strictly  analogous  to  that  which  takes 
place  in  aqueous  deposits,  acting  chiefly  on  the  silica, 
but  likewise  on  some  of  the  other  elements  of  the  sur- 
rounding mass,  and  thus  producing  the  different  con- 
cretionary varieties.  From  the  well-known  effects  of 
rapid  cooling*  in  giving  glossiness  of  texture,  it  is 
probably  necessary  that  the  entire  mass,  in  cases  like 
that  of  Ascension,  should  have  cooled  at  a  certain  rate ; 
but  considering  the  repeated  and  complicated  alterna- 
tions of  nodules  and  thin  layers  of  a  glassy  texture 
with  other  layers  quite  stony  or  crystalline,  all  within 
the  space  of  a  few  feet  or  even  inches,  it  is  hardly 
possible  that  they  could  have  cooled  at  different  rates, 
and  thus  have  acquired  their  different  textures. 

The  natural  sphaBrulites  in  these  rocks  '  very  closely 

«  •Trait6  de  G6ogn.'  torn.  ii.  p.  535. 

•  This  is  seen  in  the  manufacture  of  common  glass,  and  in 
Gregory  Watts's  expcrimenta  on  molten  trap;  also  on  the  natural 
surfaces  of  lava-streams,  and  on  the  side- walls  of  dikes. 

■  1  do  not  know  whether  it  is  generally  known,  that  bodies  having 
exactly  the  ^ame  appearance  as  sphaBrulites,  sometimes  occur  in 
agates.  Mr.  Robert  Brown  showed  me  in  an  agate,  formed  within 
a  cavity  in  a  piece  of  silicified  wood,  some  little  specks,  which  were 
only  just  visible  to  the  naked  eye:  these  specks,  when  placed  by 
him  under  a  lens  of  high  power,  presented  a  beautiful  appearance : 
they  were  perfectly  circular,  and  consisted  of  the  finest  fibres  of  a 
brown  colour,  radiating  with  great  exactness  from  a  common  centre. 
These  little  radiating  stars  are  occasionally  intersected,  and  portions 
are  quite  cut  otf  by  the  fine,  ribbon-like  zones  of  colour  in  the  agate. 
In  the  obsidian  of  Ascension,  the  halves  of  a  sphjcrulite  often  lie  in 
different  zones  of  colour,  but  they  are  not  out  off  by  them,  as  in  the 
agate. 
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resemble  those  produced  in  glass,  when  slowly  cooled. 
In  some  fine  specimens  of  partially  devitrified  glass, 
in  the  possession  of  Mr.  Stokes,  the  sphsemlites  are 
united  into  straight  layers  with  even  sides,  parallel  to 
each  other,  and  to  one  of  the  outer  surfaces,  exactly  as 
in  the  obsidian.  These  layers  sometimes  interbranch 
and  form  loops;  but  I  did  not  see  any  case  of  actual 
intersection.  They  form  the  passage  bom  the  perfectly 
glassy  portions,  to  those  nearly  homogeneous  and  stony, 
with  only  an  obscure  concretionary  structure.  In  the 
same  specimen,  also,  sphaerulites  differing  slightly  in 
colour  and  in  structure,  occur  embedded  close  together. 
Considering  these  facts,  it  is  some  confirmation  of  the 
view  above  given  of  the  concretionary  origin  of  the 
obsidian  and  natural  sphaerulites,  to  find  that  M.  Dar- 
tigues,*  in  his  curious  paper  on  this  subject,  attributes 
the  production  of  sphaerulites  in  glass,  to  the  different 
ingredients  obeying  their* own  laws  of  attraction  and 
becoming  aggregated.  He  is  led  to  believe  that  this 
takes  place,  from  the  diflSculty  in  remelting  sphaerulitic 
glass,  without  the  whole  be  first  thoroughly  pounded 
and  mixed  together ;  and  likewise  from  the  fact,  that 
the  change  takes  place  most  readily  in  glass  composed 
of  many  ingredients.  In  confirmation  of  M.  Dartigues' 
view,  I  may  remark,  that  M.  Fleurian  de  Bellevue^ 
found  that  the  sphaerulitic  portions  of  devitrified  glass 
were  acted  on  both  by  uitric  acid  and  under  the  blow- 
pipe, in  a  different  manner  from  the  compact  paste  in 
which  they  were  embedded. 

Comparison  of  the  obsidian  beds  amd  alternating 
strata  of  Ascension^  with  those  of  other  countries, — 
I  have  been  struck  with  much  surprise,  how  closely  the 
excellent  description  of  the  obsidian  rocks  of  Hungary, 

"  «  Journal  de  Physique,'  ton.  69  (1804),  pp.  10,  IS. 
*  Idem,  torn.  60  (1805),  p.  -418. 
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giveo  by  BeadaQt,'  and  that  by  Hamboldt,  of  the  same 
formation  in  Mexico  and  Pera,*and  likewise  the  deecrip- 
tions  given  by  sereral  authors  *  of  the  trochytic  r^ions 
in  the  Italian  islands,  agree  with  my  obsecrations  at 
AscensioD.  Many  passages  might  have  been  transferred 
without  alteration  from  the  works  of  the  above  authors, 
and  would  have  been  applicable  to  this  island.  They 
all  agree  in  the  laminated  and  stratified  character  of 
the  whole  series ;  and  Hnmboldt  speaks  of  some  of  the 
beds  of  obsidian  being  ribboned  like  jasper.*  They  all 
agree  in  the  nodnlar  or  concretionaiy  character  of  the 
obsidian,  and  of  the  passage  of  these  nodules  into  layers. 
They  all  refer  to  the  repeated  alternations,  oflen  in  un- 
dulatory  planes,  of  glassy,  pearly,  stony,  and  crystalline 
layers :  the  crystalline  layers,  however,  seem  to  be  much 
more  perfectly  developed  at  Ascension,  than  in  the 
above-named  countries.  Humboldt  compares  some  of 
the  stony  beds,  when  viewed  from  a  distance,  to  strata 
of  a  schistose  sandstone.  SphEeruUtes  are  described  as 
occurring  abundantly  in  all  cases ;  and  they  everywhere 

>  ■  Voyage  en  Hongrie.'  torn.  i.  p.  330 ;  tom.  ii.  pp.  221  and  316 ; 
torn.  iil.  pp.  36y,  371,  377,  381. 

>  '  Essai  G#ognostiqae,'  pp.  IT6,  326,  328. 

'  P.  Scrope,  in  '  Geological  TranBaclions,'  vol.  ii.  (second  series) 
p.  195.  Consult,  alto,  Duliniien's  'Voyage  aox  Isles  Lipari,'  and 
D'Aubnisson,  'Trailfi  de  Gfogn.'  tom.  ii.  p.  634. 

*  Id  Hr.  Slokpa'  fine  collection  of  obsidians  from  Mexico,  I 
observe  that  the  spharalites  are  generally  much  larger  than  those  of 
Ascension;  the;  are  generally  irhite,  opaque,  and  are  milled  into 
distinct  layers:  there  are  many  singular  varieiiea,  itiSerent  from 
any  at  Ascension.  Tbe  obsidians  are  Qneiy  zoned,  in  <|uit«  straight 
or  cnrved  lines,  with  exceedingly  sliglit  differences  of  tint,  of 
cellular  ity.  and  of  more  or  less  perfect  degrees  of  glassiness.  Tracing 
some  of  the  less  perfectly  glassy  lones,  they  are  seen  to  becom« 
studded  with  minute  white  sphr.raliles,  which  become  miTre  and 
more  nnmerons,  until  at  last  they  unite  and  form  a  distinct  layer: 
on  tbe  other  hand,  at  Ascension,  only  the  brown  sph^rulilcs  unit« 
and  form  layers;  the  while  ones  always  being  irregularly  dis- 
seminated. Some  specimens  at  the  Geological  Society,  said  to 
belong  to  an  obsidian  formation  from  Mexico,  have  an  earihy  frac- 
ture, and  are  divided  in  Ihe  finest  parallel  latniiia!,  by  specks  of  « 
black  mineral,  like  the  angitic  or  hornblendic  specks  in  the  ro[:kB  at 
Ascension. 


-,-^^'J^- 
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seem  to  mark  the  passage,  from  the  perfectly  glassy  to 
the  stony  and  crystalline  beds.  Beudant's  account  *  of 
his  *perlite  lithoide  globulaire'  in  every,  even  the 
most  trifling  particular,  might  have  been  written  for 
the  little  brown  sphaerulitic  globules  of  the  rocks  of 
Ascension. 

From  the  close  similarity  in  so  many  respects,  be- 
tween the  obsidian  formations  of  Hungary,  Mexico, 
Peru,  and  of  some  of  the  Italian  islands,  with  that  of 
Ascension,  I  can  hardly  doubt  that  in  all  these  cases, 
the  obsidian  and  the  sphserulites  owe  their  origin  to  a 
concretionary  aggregation  of  the  silica,  and  of  some  of 
the  other  constituent  elements,  taking  place  whilst  the 
liquefied  mass  cooled  at  a  certain  required  rate.  It  is, 
however,  well  known,  that  in  several  places,  obsidian 
has  flowed  in  streams  like  lava ;  for  instance,  at  Tenerifie, 
at  the  Lipari  Islands,  and  at  Iceland.^  In  these  cases, 
the  superficial  parts  are  the  most  perfectly  glassy,  the 
obsidian  passing  at  the  depth  of  a  few  feet  into  an  opaque 
stone.  In  an  analysis  by  Vauquelin  of  a  specimen  of 
obsidian  from  Hecla,  which  probably  flowed  as  lava,  the 
proportion  of  silica  is  nearly  the  same  as  in  the  nodular 
or  concretionary  obsidian  from  Mexico.  It  would  be 
interesting  to  ascertain,  whether  the  opaque  interior 
portions  and  the  superficial  glassy  coating  contained 
the  same  proportional  constituent  parts  :  we  know  from 
M.  Dufr^noy^  that  the  exterior  and  interior  parts  of 
the  same  stream  of  lava  sometimes  difier  considerably 
in  their  composition.  Even  should  the  whole  body  ot 
the  stream  of  obsidian  turn  out  to  be  similarly  com- 

*  Beadant*s  •  Voyage,'  torn.  iii.  p.  373. 

■  For  Teneriif e,  see  Von  Bach,  •  Descript.  des  Isles  Canaries/  pp. 
184  and  190 ;  for  the  Lipari  Islands,  see  Doliniieu*s  *  Voyage/  p.  34 ; 
for  Iceland,  see  Mackenzie's  •  Travels,*  p.  369. 

•  *  M^moires  pour  servir  &  une  Descript.  G^olog.  de  la  France/ 
torn.  iv.  p.  371. 
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posed  with  nodalar  obsidian,  it  would  onlj  be  necessary, 
in  accordauca  with  the  foregoing  facta,  to  suppose  that 
lava  in  these  instances  had  been  erapted  with  its  ingre- 
dients mixed  in  the  same  proportion,  as  in  the  concre- 
tionary obsidian. 

Laminaiioii  of  volcanic  rock*  of  the  traehytie  tones. 

We  have  seen  that,  in  several  and  widely  distant 
conntries,  the  strata  alternating  with  beds  of  obsidian, 
are  highly  laminated.  The  nodules,  also,  both  large 
and  small,  of  the  obsidian,  are  zoned  with  different 
shades  of  colour;  and  I  have  seen  a  specimen  from 
Mexico  in  Mr.  Stokes'  collection,  with  its  external 
surface  weathered '  into  ridges  and  furrows,  correspond- 
ing with  the  zones  of  difierent  degrees  of  glassiness : 
Hnmboldt,*  moreover,  found  on  the  Peak  of  Tenerlffe, 
a  stream  of  obsidian  divided  by  very  thin,  alternating, 
layers  of  pumice.  Many  other  lavas  of  the  feldspathio 
series  are  laminated  ;  thus,  masses  of  common  trachyte 
at  Ascension  are  divided  by  fiae  earthy  lines,  along 
which  the  rock  splits,  separating  thin  layers  of  slightly 
difierent  shades  of  colour ;  the  greater  number,  also,  of 
the  embedded  crystals  of  glassy  feldspar  are  placed 
lengthways  in  the  same  direction.  Mr,  P.  Scrope*  has 
described  a  remarkable  columnar  trachyte  in  the 
Panza  Islands,  which  seems  to  have  been  injected  into 
an  overlying  mass  of  traehytie  conglomerate:  it  is 
striped  with  zones,  often  of  extreme  tenuity,  of  dif- 
ferent  textures  and  colours;   the   harder  and   darker 

'  MacCulloch  stJitea  ('  Classiflcatioii  of  Rocks,'  p.  631).  that  the 
exposed  surfaces  of  the  pitchstone  dikes  ia  j^ttsd  are  furrowed, 
'with  Dndulating  liceB,  resembling  certaio  varieties  of  marbled 
paper.and  which  eviflsntlj  result  from  EomecorreapoDdiQgdiSerenoa 
of  liuninar  Btructur^.' 

'  •  Personal  Narrative,'  vol.  i.  p.  222. 

'  '  Geological  TraDaactions,'  voL  ii.  (second  aeries)  p.  195. 
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zones  appearing  to  contain  a  larger  proportion  of  silica. 
In  another  part  of  the  island,  there  are  layers  of  pearl- 
stone  and  pitchstone,  which  in  many  respects  resemble 
those  of  Ascension.  The  zones  in  the  columnar  trachyte 
are  generally  contorted;  they  extend  uninterruptedly 
for  a  great  length  in  a  vertical  direction,  and  apparently 
parallel  to  the  walls  of  the  dike-like  mass.  Von  Buch* 
has  described  at  Teneriffe,  a  stream  of  lava  containing 
innumerable,  thin,  plate-like  crystals  of  feldspar,  which 
are  arranged  like  white  threads,  one  behind  the  other, 
and  which  mostly  follow  the  same  direction.  Dolimieu* 
also  states,  that  the  gray  lavas  of  the  modem  cone  of 
Vulcano,  which  have  a  vitreous  texture,  are  streaked 
with  parallel  white  lines:  he  further  describes  a  solid 
pumice-stone  which  possesses  a  fissile  structure,  like 
that  of  certain  micaceous  schists.  Phonolite,  which  I 
may  observe  is  often,  if  not  always,  an  injected  rock, 
also,  often  has  a  fissile  structure ;  this  is  generally  due 
to  the  parallel  position  of  the  embedded  crystals  of 
feldspar,  but  sometimes,  as  at  Fernando  Noron  ha,  seems 
to  be  nearly  independent  of  their  presence.^  From 
these  facts  we  see,  that  various  rocks  of  feldspathic 
series  have  either  a  laminated  or  fissile  structure,  and 
that  it  occurs  both  in  masses,  which  have  been  injected 
into  overlying  strata,  and  in  others  which  have  flowed 
as  streams  of  lava. 

The  laminsB  of  the  beds,  alternating  with  the  obsi- 
dian at  Ascension,  dip  at  a  high  angle  under  the  moun- 

'  *  Description  des  lies  Canaries/  p.  184. 

*  *  Voyage  auz  Isles  de  Llpari/  pp.  36  and  85. 

'  In  this  case,  and  in  that  of  the  fissile  pumice-stone,  the  struc- 
toie  is  very  different  from  that  in  the  foregoing  cases,  where  the 
lamins  consist  of  alternate  layers  of  different  composition  or  texture. 
In  some  sedimentary  formations,  however,  which  apparently  are 
homogeneous  and  fissile,  as  in  glossy  clay-slate,  there  is  reason  to 
believe,  according  to  D'Aubuisson,  that  the  laminm  are  really  due  to 
excessively  thin,  alternating,  layers  of  mica. 
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tain,  at  the  base  of  which  they  are  situated ;  and  they 
do  not  appear  as  if  they  had  been  inclined  by  violence. 
A  high  inclination  is  common  to  these  beds  in  Mexico, 
Peru,  and  in  some  of  the  Italian  islands  :  ^  on  the  other 
hand,  in  Hungary,  the  layers  are  horizontal;  the* 
laminad,  also,  of  some  of  the  lava-streams  above  referred 
to,  as  far  as  I  can  understand  the  descriptions  given 
of  them,  appear  to  be  highly  inclined  or  vertical.  I 
doubt  whether  in  any  of  these  cases,  the  laminaB  have 
been  tilted  into  their  present  position;  and  in  some 
instances,  as  in  that  of  the  trachyte  described  by  Mr. 
Scrope,  it  is  almost  certain  that  they  have  been  origin- 
ally formed  with  a  high  inclination.  In  many  of  these 
cases,  there  is  evidence  that  the  mass  of  liquefied  rock 
has  moved  in  the  direction  of  the  laminas.  At  Ascen- 
sion, many  of  the  air-cells  have  a  drawn-out  appearance, 
and  are  crossed  by  coarse  semi-glassy  fibres,  in  the 
direction  of  the  laminae ;  and  some  of  the  layers,  sepa- 
rating the  sphaerulitic  globules,  have  a  scored  appear- 
ance, as  if  produced  by  the  grating  of  the  globules.  I 
have  seen  a  specimen  of  zoned  obsidian  from  Mexico, 
in  Mr.  Stokes'  collection,  with  the  surfaces  of  the  best- 
defined  layers  streaked  or  furrowed  with  parallel  lines ; 
and  these  lines  or  streaks  precisely  resembled  those, 
produced  on  the  surface  of  a  mass  of  artificial  glass  by 
its  having  been  poured  out  of  a  vessel.  Humboldt, 
also,  has  described  little  cavities,  which  he  compares  to 
the  tails  of  comets,  behind  sphaerulites  in  laminated  obsi- 
dian rocks  from  Mexico,  and  Mr.  Scrope  has  described 
other  cavities  behind  fragments  embedded  in  his  lami- 
nated trachyte,  and  which  he  supposes  to  have   been 

'  See  Phillips's  •  Mineralogy,'  for  the  Italian  Islands,  p.  136. 
For  Mexico  and  Peru,  see  Humboldt's  *  Essai  G^ognostique.*  Mr. 
Edwards,  also,  describes  the  high  inclination  of  the  obsidian  rocks 
of  the  Cerro  del  Nayaja  in  Mexico,  in  the  •  Proc  of  the  Geolog.  Soc* 
for  June,  183S. 
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produced  daring  the  movement  of  the  mass.*  From 
snch  facts,  most  anthers  have  attributed  the  lamination 
of  these  volcanic  rocks  to  their  movement  whilst  lique- 
fied. Although  it  is  easy  to  perceive,  why  each  separate 
air-cell,  or  each  fibre  in  pumice-stone,*  should  be  drawn 
out  in  the  direction  of  the  moving  mass ;  it  is  by  no 
means  at  first  obvious  why  such  air-cells  and  fibres 
should  be  arranged  by  the  movement,  in  the  same 
planes,  in  laminaB  absolutely  straight  and  parallel  to 
each  other,  and  often  of  extreme  tenuity  ;  and  still  less 
obvious  is  it,  why  such  layers  should  come  to  be  of 
slightly  different  composition  and  of  different  textures. 
In  endeavouring  to  make  out  the  cause  of  the 
lamination  of  the  igneous  feldspathic  rocks,  let  us 
return  to  the  facts  so  minutely  described  at  Ascension. 
We  there  see,  that  some  of  the  thinnest  layers  are 
chiefly  formed  by  numerous,  exceedingly  minute,  though 
perfect,  grystals  of  different  minerals ;  that  other  layers 
are  formed  by  the  union  of  different  kinds  of  concre- 
tionary globules,  and  that  the  layers  thus  formed,  often 
cannot  be  distinguished  from  the  ordinary  feldspathic 
and  pitchstone  layers,  composing  a  large  portion  of  the 
entire  mass.  The  fibrous  radiating  structure  of  the 
sphaBruIites  seems,  judging  from  many  analogous  cases, 
to  connect  the  concretionary  and  crystalline  forces :  the 
separate  crystals,  also,  of  feldspar  all  lie  in  the  same 

>  'Geological  Transactions/  vol.  ii.  (second  series)  p.  200,  &o. 
These  embedded  fragroents,  in  some  Instances,  consist  of  the  lami- 
nated trachyte  broken  off  and  '  enveloped  in  those  parts,  which  still 
remained  liquid.'  Beudant,  also,  frequently  refers,  in  his  great  work 
on  •  Hongary '  (torn.  iii.  p.  386),  to  trachytic  rocks,  irregularly  spotted 
with  fragments  of  the  same  varieties,  which  in  other  parts  form  the 
parallel  ribbons.  In  these  cases,  we  must  suppose,  that  after  part 
of  the  molten  mass  had  assumed  a  laminated  structure,  a  fresb 
irruption  of  lava  broke  up  the  mass,  and  involved  fragments,  and 
that  subsequently  the  whole  became  relaminated. 

•  Dollmieu's  *  Voyage,'  p.  64. 
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parallel  planea.'  These  allied  forccB,  therefore,  have 
played  an  important  part  in  the  lammation  of  the  mass, 
bat  they  cannot  be  considered  the  primary  force ;  for 
the  several  kinds  of  nodules,  both  the  smallest  and  the 
largest,  are  internally  zoned  with  exoessLTely  fine  shades 
of  colour,  parallel  to  the  lamination  of  the  whole ;  and 
many  of  them  are,  also,  externally  marked  in  the  same 
direction  with  parallel  ridges  and  fnrrows,  which  have 
not  been  produced  by  weathering. 

Some  of  the  finest  streaks  of  colour  in  the  stony 
layers,  alternating  with  the  obsidian,  can  be  distinctly 
seen  to  be  dne  to  an  incipient  crystalliBation  of  the 
constituent  minerals.  The  extent  to  which  the  minerals 
have  crystallised  can,  also,  be  distinctly  seen  to  be 
connected  with  the  greater  or  less  size,  and  with  llio 
number,  of  the  minute,  Battened,  crenulated  air-cavities 
or  fissures.  Numerous  foctis,  as  in  the  case  of  geodes, 
and  of  cavities  in  silicified  wood,  in  primary  r^cks,  and 
in  reins,  show  that  crystallisation  is  much  favoured 
by  space.  Hence,  I  conclude,  that,  if  in  a  mass  of 
cooling  volcanic  rock,  any  cause  produced  in  parallel 
planes  a  number  of  minute  fissures  or  zones  of  less 
tension,  (which  from  the  pent-up  vapours  would  often 
be  expanded  into  crenulated  air-cavities),  the  crystal- 
lisation of  the  constituent  parts,  and  probably  the  for- 
mation of  concretions,  would  be  superinduced  or  much 
favoured  in  such  planes ;  and  thus,  a  laminated  stmo 
tnre  of  the  kind  we  are  here  considering  would   be 


That  some  cause  does  produce  parallel  zones  of  leas 

'  Tbe  formation,  indeed,  of  h  large  crystal  of  any  mineral  In  a 
rock  of  mixed  compoaition  impHea  an  a!:gregBtion  of  the  requisite 
alomB,  allied  to  concretionary  action.  Thu  cause  of  tho  ciystals  of 
feldspar  in  tliese  rockB  of  Aacension,  being  all  placed  lengthways,  !■ 
probably  the  samo  with  that  which  elongates  and  flattens  all  the 
brown  sphajnilitic  globules  (which  behave  like  feliispM  onder  the 
blowpipe)  in  thU  same  direction. 
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tension  in  volcanic  rocks,  daring  their  consolidation,  we 
mnst  admit  in  the  case  of  the  thin  alternate  layers  of 
obsidian  and  pumice  described  by  Humboldt,  and  of 
the  small,  flattened,  crenulated  air-cells  in  the  lami- 
nated rocks  of  Ascension ;  for  on  no  other  principle  can 
we  conceive  why  the  confined  vapours  should  through 
their  expansion  form  air-cells  or  fibres  in  separate, 
parallel  planes,  instead  of  irregularly  throughout  the 
mass.  In  Mr.  Stokes'  collection,  I  have  seen  a 
beautiful  example  of  this  structure,  in  a  specimen  of 
obsidian  from  Mexico,  which  is  shaded  and  zoned,  like 
the  finest  agate,  with  numerous,  straight  parallel  layers, 
more  or  less  opaque  and  white,  or  almost  perfectly 
glassy ;  the  degree  of  opacity  and  glassiness  depending 
on  the  number  of  microscopically  minute,  flattened 
air-cells ;  in  this  case,  it  is  scarcely  possible  to  doubt 
but  that  the  mass,  to  which  the  fragment  belonged, 
must  have  been  subjected  to  some,  probably  prolonged, 
action,  causing  the  tension  slightly  to  vary  in  the  suc- 
cessive planes. 

Several  causes  appear  capable  of  producing  zones  of 
different  tension,  in  masses  semi-liquefied  by  heat.  In 
a  fi*agment  of  denitrified  glass,  I  have  observed  layers 
of  sphaBrulites  which  appeared,  from  the  manner  in 
which  they  were  abruptly  bent,  to  have  been  produced 
by  the  simple  contraction  of  the  mass  in  the  vessel,  in 
which  it  cooled.  In  certain  dikes  on  mount  Etna,  de- 
scribed by  M.  Elie  de  Beaumont,^  as  bordered  by  alter- 
nating bands  of  scoriaceous  and  compact  rock,  one  is 
led  to  suppose  that  the  stretching  movement  of  the 
surrounding  strata,  which  originally  produced*  the 
fissures,  continued  whilst  the  injected  rock  remained 
fluid.     Guided,  however,  by  Professor  Forbes'*  clear 

'  •  M6m.  pour  servir,'  &c.,  torn.  iv.  p.  131. 

*  *  Edinburgh  New  Pliil.  Jouroal,*  1842,  p.  360. 
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description  of  the  zoaed  structure  of  glacier-ice,  far  the 
moat  probable  explanatioii  of  the  laminated  etractnre 
of  these  felcUpathic  rocks  appears  to  be,  that  they  have 
been  stretched  whilst  slowly  flowing  onwards  in  a  pasty 
condition,'  in  precisely  the  same  manner  as  Professor 
Forbes  believes,  that  the  ice  of  moving  glaciers  ia 
stretched  and  fissured.  In  both  cases,  the  zones  may 
be  compared  to  those  in  the  finest  agates;  in  both, 
they  extend  in  the  direction  in  which  the  mass  has 
flowed,  and  those  exposed  on  the  surface  are  generally 
vertical :  in  the  ice,  the  porous  laminee  are  rendered 
distinct  by  the  snbseqnent  congelation  of  infiltrated 
water,  in  the  stony  feldapathic  lavas,  by  subsequent 
crystalline  and  concretionary  action.  The  fragment  ot 
glassy  obsidian  in  llr.  Stokes'  collection,  which  is  zoned 
with  minute  air-cells,  must  strikingly  resemble,  judging 
fram  Professor  Forbes'  descriptions,  a  fragment  of  the 
zoned  ice;  aod  if  the  rate  of  cooling  and  nature  of  the 
mass  had  been  favourable  to  its  crystallisation  or  to 
concretionary  action,  we  should  here  have  had  the  finest 
parallel  zones  of  different  composition  and  texture. 
In  glaciers,  the  lines  of  porous  ice  and  of  minute 
crevices  seem  to  be  due  to  an  incipient  stretching, 
caused  by  the  central  parts  of  the  frozen  stream  moving 
faster  than  the  sides  and  bottom,  which  are  retarded  by 
friction :  hence  in  glaciers  of  certain  forms  and  towards 
the  lower  end  of  most  glaciers,  the  zones  become  hori- 
zontal. May  we.  venture  to  suppose  that  in  the  feld- 
spntliic  lavas  with  horinontal  laminra,  we  see  an  analo- 
gous case  ?  All  geologists,  who  have  examined  trachytio 
regions,  have  come  to  the  conclusion,  that  the  lavas  of 

'  I  presume  that  Ih'B  is  nearly  the  Bame  eiplanation  which  Mr. 
Bcropc  ha<l  in  his  mind,  when  lie  Bjieaks  ('  Geolog'.  Tianaact.'  vol.  ii. 
eocorni  Beries,  p.  228)  of  the  ribboned  stmcture  of  his  tnchyticrocki, 
having  arisen,  from  *  a  linear  eiiension  of  the  mass,  while  in  a  stato 
of  imperfeet  Uqnidit;,  conplcd  with  a  ooncretionary  prooess.' 
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tJiis  seriee  have  possessed  an  exceedingly  imperfect 
flaidity;  and  as  it  is  evident  that  only  matter  thus 
characterised  would  be  subject  to  become  fissured  and 
to  be  formed  into  zones  of  different  tensions,  in  the 
manner  here  supposed,  we  probably  see  the  reason  why 
augitic  lavas,  which  appear  generally  to  have  possessed 
a  high  degree  of  fluidity,  are  not,*  like  the  feldspathic 
lavas,  divided  into  laminae  of  different  composition  and 
texture.  Moreover,  in  the  augitic  series,  there  never 
appears  to  be  any  tendency  to  concretionary  action, 
which  we  have  seen  plays  an  important  part  in  the 
lamination  of  rocks  of  the  trachytic  series,  or  at  least  in 
rendering  that  structure  apparent. 

Whatever  may  be  thought  of  the  explanation  here 
advanced  of  the  laminated  structure  of  the  rocks  of  the 
trachytic  series,  I  venture  to  call  the  attention  of  geolo- 
gists to  the  simple  fact,  that  in  a  body  of  rock  at 
Ascension,  undoubtedly  of  volcanic  origin,  layers  often 
of  extreme  tenuity,  quite  straight,  and  parallel  to  each 
other,  have  been  produced ; — some  composed  of  distinct 
crystals  of  quartz  and  diopside,  mingled  with  amorphous 
augitic  specks  and  granular  feldspar, — others  entirely 
composed  of  these  black  augitic  specks,  with  granules 
of  oxide  of  iron, — and  lastly,  others  formed  of  crystal- 
line feldspar,  in  a  more  or  less  perfect  state  of  purity, 
together  with  numerous  crystals  of  feldspar,  placed 
lengthways.  At  this  island,  there  is  reason  to  believe, 
and  in  some  analogous  cases,  it  is  ceirtainly  known,  that 
the  laminae  have  originally  been  formed  with  their  pre- 


'  Basaltic  lavas,  and  many  other  rocks,  are  not  nnfrequently 
divided  into  thick  laminae  or  plates,  of  the  same  composition,  which 
are  either  straight  or  carved  ;  these  being  crossed  by  vertical  lines 
of  fissure,  sometimes  become  united  into  columns.  This  structure 
seems  related,  in  its  origin,  to  that  by  which  many  rocks,  both 
igneous  and  sedimentary,  become  traversed  by  parallel  s^  stems  of 
fissures. 
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sent  high  inclination.  Facts  of  this  natore  are  mani- 
festly of  importance,  wil^  relation  to  the  etractaral 
origin  of  that  grand  seriee  of  platonic  rocks,  which  like 
the  Tolcanio  hare  ondergtme  the  action  of  heat,  and 
which  consist  of  altemate  layers  of  qnartz,  feldspar, 
mica,  and  other  materiala. 


CHAPTER  IV. 

ST.  HELENA. 

Zovof  o/thefeldspathic^  banUtie,  and  tuhmaHne  aeriu — Section  I%a§* 
ttaff  HiU  and  of  the  Bam — Dike$^Tmh*$  Cap  and  Pro$perou$ 
Bays— Basaltic  ring — Central  eraterifonn  ridge,  reith  an  internal 
ledge  and  a  parapet — Qmet  of  phonolite — Superficial  beds  of  cat- 
eareous  sandstone — Eadinet  land-shells — Beds  of  detritus — Eleva- 
tion of  the  land — Denudation —  Craters  of  elevation. 

The  whole  island  is  of  volcanic  origin ;  its  circumference, 
according  to  Beatson/  is  about  twenty-eight  miles. 
The  central  and  largest  part  consists  of  rocks  of  a  feld- 
spathic  nature,  generally  decomposed  to  an  extraordi- 
nary degree  ;  and  when  in  this  state,  presenting  a  singu- 
lar assemblage  of  alternating,  red,  purple,  brown,  yellow, 
and  white,  soft,  argillaceous  beds.  From  the  shortness 
of  our  visit,  I  did  not  examine  these  beds  with  care ; 
some  of  them,  especially  those  of  the  white,  yellow, 
and  brown  shades,  originally  existed  as  streams  of  lava, 
but  the  greater  number  were  probably  ejected  in  the 
form  of  scoriae  and  ashes :  other  beds  of  a  purple  tint, 
porphyritic  with  crystal-shaped  patches  of  a  white,  soft 
substance,  which  are  now  unctuous,  and  yield,  like 
wax,  a  polished  streiik  to  the  nail,  seem  once  to  have 
existed  as  solid  claystone-porphyries :  the  red  argil- 
laceous beds  generally  have  a  brecciated  structure,  and 
no  doubt  have  been  formed   by  the  decomposition  of 

>  Governor  Beatson*i '  Aocoant  of  St.  Helena.' 

7 


34  5/.  HeUjUL  VAB 1. 

wnnae.     S«T>^Tal  'sfimslT?  itrpams.  buwerer.  bdanging 

■^ber  jt'  1  bill  \.Laa-seen.  coiodr.  wrih  TwinTiy  ■rii-nli' 
rp^ois  'jf  leitisraz.  <v  ^'  a.  wr  pale  ditt.  and  ■Imixt 
comiinsed  ot'  rninnte.  odai  aesiT.  txystua  <tf  ^dspar, 
abomuiintr  "viiii  aicroscopiiai  blw:k  specks:  din*  acs 
^eiwxaily  :ompDcc  uid  "anrinated :  rnii^a.  howeva'.  of 
amilar  ':r-ini]oeiQOiL.  ar^  ':eilaiar  and  Mmewiiat  decoo^ 
posed.  None  A  'iiese  rocks  amain  larse  cttxbIs  of 
rniispar.  t  jav?  rbe  jarsa  Jacmre  pecniiar  oo  tncb^te. 
These  ^idspacfaic  laras  uai  mfi  are  the  appamoac  cr 
rbose  '.asc  -Hmpr^:  inncmesabie  oikes.  bowTrcr.  and 
iireor  Tnaeees  ii  3ic-icea  ztjcX.  have  jabseqaeadj  beea 
injecced  inso  rfiiMTt.  Tliey  '^nren?*.  as  the?  rise, 
tow^irdi  'he  ■.■enrrai  jrtrrpa  nua^.  of  wbirfi  one  point 
Mtains  -hi  ^lt^va^OII  JI  ir'>'.>  rert.  TMs  riJ-™  is  tba 
hiifhesc  .oad  la  tiic-  ifi^uiti:  ^md  :t  om.'e  termed  the 
mirriitfm  Tsa  ji  i  jrw»£  _Taier.  ^aent™  rhe  lacas  of  this 
serit^  Jow<-i:  i"[n  its  mine-i  i^miiiti'in.  6«3ni  tiie 
*iHilii-m  "j^if  jji'-nir  bi-rn  r^Tii-ived.  and  &rm  the 
vj'ir'nr   .iU.i.:i.'arii.'a  ■^^ucii  "ae  Tiii  le  j>Iund  >'«■*  cad^i^ 

£iw(.'.-:ir  Af.-V*. — T-ie  njur-jia  or  tliis  island  is 
tbrmed  by  a  niW  cir*;!*  -^t  j^:if,  bliiL-k.  itTnriried.  ram- 
pana  of  t;as;ilt.  ■ilppbi^r  wawini.  asd  w.'m  into  cliffs, 
whiah  are  ctiia  aearij  p^rpHniiicn.'ar,  asd  Tary  in 
Ki'iirht  fr-jm  a  S?w  hiadr^  feet  to  two  thoosand. 
This  circlt?.  ■:r  rar!:t?r  h-rrse-sh-.-e  shap'-i  ris?,  is  op«i  to 
thr^  ■sciuth,  acd  is  bpia^'htd  fcy  jeTeral  ■;c':i'?r  wid*  spaces. 
Ira  rim  or  samcai:  g^neralir  pirj-ects  !:">  above  the 
level  of  the  ad^oininj  iniaad  cocnny:  an^i  the  more 
TifCTit  Trrl'hfiarh.ic  lavas,  sloping'  down  friom  the  central 
ii''iflh'9,  generally  abnt  against  and  overlap  its  inner 
Mnri^in  ;  on  the  north-western  side  of  the  island,  hoir- 
«ver,   tbey  appear  (judging  from  a  distance)  to  have 
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flowed  over  and  concealed  portions  of  it.  In  some 
parts,  where  the  basaltic  ring  had  been  breached,  and 
the  black  ran.  parts  stand  detached,  the  feldspathic 
lavas  have  passed  between  them,  and  now  overhang 
the  sea-coast  in  lofty  cliffs.  The  basaltic  rocks  are  of  a 
black  colour  and  thinly  stratified;  they  are  generally 
highly  vesicular,  but  occasionally  compact;  some  oi 
them  contain  numerous  crystals  of  glassy  feldspar  and 
octahedrons  of  titaniferous  iron ;  others  abound  with 
crystals  of  augite  and  grains  of  olivine.  The  vesicles 
are  frequently  lined  with  minute  crystals  (of  chabasie  ?) 
and  even  become  araygdaloidal  with  them.  The 
streams  are  separated  from  each  other  by  cindery 
matter,  or  by  a  bright  red,  fiiable,  saliferous  tuff,  which 
IS  marked  by  successive  lines  like  those  of  aqueous 
deposition ;  and  sometimes  it  has  an  obscure,  concre- 
tionary structure.  The  rocks  of  this  basaltic  series 
occur  nowhere  except  near  the  coast.  In  most  volcanic 
districts  the  trachytic  lavas  are  of  anterior  origin  to  the 
basaltic;  but  here  we  see,  that  a  great  pile  of  rock, 
closely  related  in  composition  to  the  trachytic  family, 
has  been  erupted  subsequently  to  the  basaltic  strata : 
the  number,  however,  of  dikes,  abounding  with  large 
crystals  of  augite,  with  which  the  feldspathic  lavas  have 
been  injected,  shows  perhaps,  some  tendency  to  a  re- 
turn to  the  more  usual  order  of  superposition. 

Basal  submarine  lavas. — The  lavas  of  this  basal 
series  lie  immediately  beneath  both  the  basaltic  and 
feldspathic  rocks.  According  to  Mr.  Scale,*  they  may 
be  seen  at  intervals  on  the  sea- beach  round  the  entire 
island.  In  the  sections  which  I  examined,  their  nature 
varied  much ;  some  of  the  strata  abound  with  crystals  of 

'  « Oeognosy  of  the  Igland  of  Rt.  Helena '  Mr.  Seale  has  con- 
structed a  gigantic  model  of  St.  Helena,  well  worth  visiting,  which 
is  DOW  deposited  at  Addiscombe  College,  in  Surrey. 
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angite ;  others  are  of  a  brown  colour,  either  lami- 
nated or  in  a  rubbty  condition ;  and  many  parts  are 
highly  amygdaloidal  with  calcareouB  matter.  The 
successive  sheets  are  either  closely  united  together,  or 
are  separated  from  eaoh  other  by  beds  of  scoriaceona 
rock  and  of  laminated  tuff,  frequently  containing  well- 
rounded  fragments.  The  intersticea  of  these  beds  are 
UUed  with  gypsum  and  salt ;  the  gypsum  also  sometimes 
occurring  in  thin  layers.  From  the  large,  quantity  of 
these  two  substances,  from  the  presence  of  rounded 
pebbles  in  the  tnds,  and  from  the  abundant  amygdaloids, 
I  cannot  doubt  that  these  basal  volcanic  strata  Sowed  be- 
neath the  sea.  This  remark  ought  perhaps  to  be  extended 
to  a  part  of  the  superincumbent  basaltic  rocks  \  but  on 
tliis  point,  I  was  not  able  to  obtain  clear  eridence.  The 
tttrata  of  the  basal  series,  whenever  I  examined  them, 
were  intersected  by  an  extraordinary  number  of  dikes. 

Fla^diiff  Hill  and  the  Bam.—l  will  now  describe 
some  of  the  more  remarkable  sections,  and  will  com- 
mence with  these  two  hills,  which  form  the  principal 
external  feature  on  the  north-eastern  side  of  the  island. 
The  square,  angular  outline,  and  black  colour  of  the 
Bam,   at  once   show   that   it    belongs  to  the  basaltic 


series ;  whilst  the  smooth,  conical  figure,  and  the 
varied  bright  tints  of  Flagstaflf  Hill,  render  it  equally 
clear,  that  it  is  composed  of  the  softened,  feldspathio 
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rocks.  These  two  lofty  hills  are  connected  (as  is  shown 
in  the  accompanying  woodcut)  by  a  sharp  ridge, 
which  is  composed  of  the  rubbly  lavas  of  the  basal 
series.  The  strata  of  this  ridge  dip  westward,  the  in- 
clination becoming  less  and  less  towards  the  Flagstaff; 
and  the  upper  feldspathic  strata  of  this  hill  can  be  seen, 
though  with  some  difficulty,  to  dip  conformably  to  the 
WSW.  Close  to  the  Bam,  the  strata  of  the  ridge  are 
nearly  vertical,  but  are  much  obscured  by  innumerable 
dikes ;  under  this  hill,  they  probably  change  from  being 
vertical  into  being  inclined  into  an  opposite  direction ; 
for  the  upper  or  basaltic  strata,  which  are  about  800 
or  1,000  feet  in  thickness,  are  inclined  north-eastward, 
at  an  angle  between  thirty  and  forty  degrees. 

This  ridge,  and  likewise  the  Bam  and  Flagstaff  Hills, 
are  interlaced  by  dikes,  many  of  which  preserve  a  re- 
markable parallelism  in  a  NNW.  and  SSE.  direction. 
The  dikes  chiefly  consist  of  a  rock,  porphyritic  with 
large  crystals  of  augite ;  others  are  formed  of  a  fine- 
grained and  brown-coloured  trap.  Most  of  these  dikes 
are  coated  by  a  glossy  layer,*  from  one  to  two-tenths  of 
an  inch  in  thickness,  which,  unlike  true  pitchstone, 
fuses  into  a  black  enamel ;  this  layer  is  evidently  ana- 
logons  to  the  glossy  superficial  coating  of  many  lava 
streams.  The  dikes  can  often  be  followed  for  great 
lengths  both  horizontally  and  vertically,  and  they  seem 
to  preserve  a  nearly  uniform   thickness:*     Mr.  Scale 


*  This  circumstance  has  been  observed  (Lyell,  *Principlea  of 
Geology,'  vol.  iv.  chap.  x.  p.  9)  in  the  dikes  of  the  Atrio  del  Cavallo, 
but  apparently  it  is  not  of  very  common  occurrence.  Sir  G.  Mac- 
kenzie,  however,  states  ('  Travels  in  Iceland/  p.  872)  that  all  the 
veins  in  Iceland  have  a  '  black  vitreous  coating  on  their  sides.*  Capt. 
Carmichael,  speaking  of  the  dikes  in  Tristan  D'Acunha,  a  volcanic 
island  in  the  southern  Atlantic,  says  (*  Linnaean  Transactions/  vol. 
zii.  p.  486)  that  their  sides, '  where  they  come  in  contact  with  the 
rucks,  are  invariably  in  a  semi-vitriHed  state.' 

'  *  Geognosy  of  the  Island  of  St.  Helena,'  plate  S. 
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states,  tbat  one  near  the  Bam,  in  a  height  of  1 ,260  feet, 
decreases  in  width  only  four  inches, — from  nine  feet  at 
the  bottom,  to  eight  feet  and  eight  inches,  at  the  top. 
On  the  ridge,  the  dikes  appear  to  have  been  guided  in 
their  course,  to  a  considerable  degree,  by  the  alterna- 
ting soft  and  hard  strata :  they  are  often  fiiTaly  united 
to  the  harder  strata,  and  they  preserve  their  paral- 
lelism for  such  great  lengths,  that  in  very  many  in- 
stances it  was  impossible  to  conjecture,  which  of  the 
beds  were  dikes,  &nd  which  streams  of  lava.  The  dikes, 
though  so  numerous  on  this  ridge,  are  even  more 
numerous  in  the  valleys  a  little  south  of  it,  and  to  a 
degree  I  never  saw  equalled  anywhere  else:  in  these 
valleys  they  extend  in  less  regular  lines,  covering  the 
ground  with  a  network,  like  a  spider's  web,  and  with 
some  parts  of  the  surface  even  appearing  to  consist 
wholly  of  dikes,  interlaced  by  other  dikes. 

From  the  complexity  produced  by  the  dikes,  from 
the  high  inclination  and  anticlinal  dip  of  the  strata  of 
the  basal  series,  which  are  overlaid,  at  the  opposite 
ends  of  the  short  ridge,  by  two  great  masses  of  different 
ages  and  of  different  composition,  I  am  not  surprised 
that  this  singular  section  has  been  misunderstood.  It 
has  even  been  supposed  to  form  part  of  a  crater ;  but 
BO  far  is  this  from  having  been  the  case,  that  the  summit 
of  Flagstaff  Hill  once  formed  the  lower  extremity  of  a 
sheet  of  lava  and  ashes,  which  were  erupted  from  the 
central,  crateriform  ridge.  Judging  from  the  slope  of 
the  contemporaneous  streams  in  an  adjoining  and  un- 
disturbed part  of  the  island,  the  strata  of  the  Flagstaff 
Hill  must  have  been  upturned  at  least  twelve  hundred 
feet,  and  probably  much  more,  for  the  great  truncated 
dikes  on  its  summit  show  that  it  has  been  largely 
denuded.  The  summit  of  this  hill  now  nearly  equals 
in   height  the   crateriform   ridge;  and   before  having 
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beeu  denaded,  it  was  probably  higher  than  this  ridge, 
firom  which  it  is  separated  by  a  broad  and  much  lower 
tract  of  country;  we  here,  therefore,  see  that  the  lower 
extremity  of  a  set  of  lava-streams  have  been  tilted  up 
to  as  great  a  height  as,  or  perhaps  greater  height  than, 
the  crater,  down  the  flanks  of  which  they  originally 
flowed.  I  believe  that  dislocations  on  so  grand  a  scale 
are  extremely  rare  ^  in  volcanic  districts.  The  forma- 
tion of  such  numbers  of  dikes  in  this  part  of  the  island 
shows  that  the  surface  must  here  have  been  stretched  to  a 
quite  extraordinary  degree :  this  stretching,  on  the  ridg? 
between  Flagstafi"  and  Barn  Hills,  probably  took  place 
subsequently  (though  perhaps  immediately  so)  to  the 
strata  being  tilted ;  for  had  the  strata  at  that  time 
extended  horizontally,  they  would  in  all  probability 
have  been  fissured  and  injected  transversely,  instead  of 
in  the  planes  of  their  stratification.  Although  the 
space  between  the  Bam  and  Flagstaff  Hill  presents  a 
distinct  anticlinal  line  extending  north  and  south,  and 
though  most  of  the  dikes  range  with  much  regularity 
in  the  same  line,  nevertheless,  at  only  a  mile  due  south 
of  the  ridge  the  strata  lie  undisturbed.  Hence  the 
disturbing  force  seems  to  have  acted  under  a  point, 
rather  than  along  a  line.  The  manner  in  which  it  has 
acted,  is  probably  explained  by  the  structure  of  Little 
Stony-top,  a  mountain  2,000  feet  high,  situated  a  few 
miles  southward  of  the  Barn ;  we  there  see,  eveii  from 
a  distance,  a  dark-coloured,  sharp,  wedge  of  compact 
columnar  rock,  with  the  bright-coloured  feldspathic 
strata,  sloping  away  on  each  side  from  its  uncovered 
apex.  This  wedge,  from  which  it  derives  its  name  of 
Stony-top,  consists  of  a  body  of  rock,  which  has  been 

■  M.  Constant  PreTost  (*M6m.  de  la  Soc.  G^olog.*  torn,  ii.) 
observes,  that  *  les  prodaits  volcaniqnes  n'ont  que  localement  et 
rarement  m^me  d6rang6  le  sol,  k  travers  lequel  ils  se  sont  fait  jour/ 
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injected  whilst  liquefied  into  the  OTerlying  strata ;  and 
if  we  may  suppose  that  a  similar  body  of  rock  lies  in- 
jected, beneath  the  ridge  connecting  the  Bam  and  Flag- 
staff, the  stnictare  there  exhibited  would  be  explained, 
TvrKs  Gap  and  Prosperous  Bayi.  —  Prosperous 
Hill  is  a  great,  black,  precipitous  mountain,  situated 
two  miles  and  a  half  south  of  the  Bam,  and  composed, 
like  it,  of  basaltic  strata.  These  rest,  in  one  part,  on 
the  Iffown-coloured,  porphyritic  beds  of  the  basal  series, 
and  in  another  part,  on  a  fissured  mass  of  highly  scori- 
aceous  and  amygdaloidal  rock,  which  seems  to  haye 
formed  a  small  point  of  emption  beneath  the  sea,  con- 
temporaneously with  the  basal  aeries.  Prosperous  Hill, 
like  the  Bam,  is  traversed  by  many  dikes,  of  which  the 
greater  number  range  north  and  south,  and  its  strata 
dip,  at  an  angle  of  about  20°,  rather  obliquely  from  the 
island  towards  the  sea.  The  space  between  Prosperons 
Hill  and  the  Bam,  as  represented  in  this  woodcut,  con- 
sists of  lofty  cliffe,  composed  of  the  lavas  of  the  upper 


or  feldspathic  series,  which  rest,  though  unconfortn- 
ably,  on  tlie  basal  submarine  strata,  as  we  have  seen 
tliat  tbey  do  at  Flagstaff  Hill.  But  differently  Irom 
what  occurs  in  that  hill,  these  upper  strata  are  nearly 
horizontal,  gently  rising  towards  the  interior  of  the 
island ;  they  are  also  composed  of  greenish-black,  or 
more  commonly,  pale  brown,  compHCt  lavas,  instead  of 
softened  and  highly  coloured  matter.  These  brown- 
coloured,  compact  lavas,  consist  almost  entirely  of  small 
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glimmering  scales,  or  of  minute  acicular  crystals,  of 
feldspar,  placed  clase  by  the  side  of  each  other,  and 
abounding  with  minute  black  specks,  apparently  of 
hornblende.  Qlie  basaltic  strata  of  Prosperous  Hill 
project  only  a  little  above  the  level  of  the  gently-sloping, 
feldspathic  streams,  which  wind  round  and  abut  against 
their  upturned  edges.  The  inclination  of  the  basaltic 
strata  seems  to  be  too  great,  to  have  been  caused  by 
their  having  flowed  down  a  slope,  and  they  must  have 
been  tilted  into  their  present  position  before  the  erup- 
tion of  the  feldspathic  streams. 

Basaltic  ring, — Proceeding  round  the  island,  the 
lavas  of  the  upper  series,  southward  of  Prosperous  Hill, 
overhang  the  sea  in  lofty  precipices.  Further  on,  the 
headland,  called  Great  Stony-top,  is  composed,  as  I 
believe,  of  basalt;  as  is  Long  Range  Point,  on  the 
inland  side  of  which,  the  coloured  beds  abut.  On  the 
southern  side  of  the  island,  we  see  the  basaltic  strata  of 
the  South  Bam,  dipping  obliquely  seaward  at  a  con- 
siderable angle ;  this  headland,  also,  stands  a  little 
above  the  level  of  the  more  modem,  feldspathic  lavas. 
Further  on,  a  large  space  of  coast,  on  each  side  of  Sandy 
Bay,  has  been  much  denuded,  and  there  seems  to  be 
left  only  the  basal  wreck  of  the  great,  central  crater. 
The  basaltic  strata  reappear,  with  their  seaward  dip,  at 
the  foot  of  the  hill  called  Man-and -Horse ;  and  thence 
they  are  continued  along  the  whole  north-western  coast 
to  Sugar-Iioaf  Hill,  situated  near  to  the  llagstafi^;  and 
they  everywhere  have  the  same  seaward  inclination, 
and  rest,  in  some  parts  at  least,  on  the  lavas  of  the  basal 
series.  We  thus  see  that  the  circumference  of  the 
island  is  formed  by  a  much-broken  ring,  or  rather  a 
horse-shoe,  of  basalt,  open  to  the  south,  and  intermpted 
on  the  eastern  side  by  many  wide  breaches.  The 
breadth  of  this  marginal  fringe  on  the  north-western 
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side,  where  alone  it  is  at  all  perfect,  appears  to  vary 
from  a  mile  to  a  mile  and  a  half.  The  basaltic  strata, 
as  well  as  those  of  the  subjacent  basal  series,  dip,  with 
a  moderate  inclination,  where  thej  have  not  been  sab- 
seqnently  disturbed,  towards  the  sea.  The  more  broken 
state  of  the  basaltic  ring  ronnd  the  eastern  half,  com- 
pared with  the  western  half  of  the  island,  is  evidently 
due  to  the  much  greater  denuding  power  of  the  waves 
on  the  eastern  or  windward  aide,  as  is  shown  by  the 
greater  height  of  the  cliffs  on  that  side,  than  to  leeward. 
Whether  the  margin  of  basalt  was  breached,  before  or 
after  the  eruption  of  the  lavas  of  the  upper  series,  is 
doubtful ;  but  as  separate  portions  of  the  basaltic  ring 
appear  to  have  been  tilted  before  that  event,  and  from 
other  reasona,  it  is  more  probable,  that  some  at  least  of 
the  breaches  were  first  formed.  Ke constructing  in 
imagination,  as  far  as  is  possible,  the  ring  of  basalt,  the 
internal  apace  or  hollow,  which  has  since  been  filled  up 
with  the  matter  erupted  from  the  great  central  crater, 
appears  to  have  been  of  an  oval  figure,  eight  or  nine 
miles  in  length  by  about  four  miles  in  breadth,  and 
with  its  axis  directed  in  a  NE.  and  SW.  line,  coiucident 
with  the  present  longest  axis  of  the  island. 

The  central  curved  ridge. — This  ridge  consists,  as 
before  remarked,  of  gray  ieldapathic  lavas,  and  of  red, 
brecciated,  argillaceous  tufis,  like  the  beds  of  the  upper 
coloured  series.  The  gray  lavaa  contain  numerous, 
minute,  black,  easily  fusible  specks ;  and  but  very  few 
large  crystals  of  feldspar.  They  are  generally  much 
softened;  with  the  exception  of  this  character,  and  of 
being  in  many  parts  highly  cellular,  they  are  quite 
similar  to  those  great  aheets  of  lava  which  overhang 
the  coast  at  Proaperons  Bay.  Considerable  intervals 
of  time  appear  to  have  elapsed,  judging  from  the 
marks  of  denudation,   between   the  formation  of  the 
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SQCoessiye  beds,  of  which  this  ridge  is  composed.  On 
the  steep  northern  slope,  I  observed  in  several  sections 
a  mnch  worn  undulating  surface  of  red  tuff,  covered 
by  gray,  decomposed,  feldspathic  lavas,  with  only  a 
thin  earthy  layer  interposed  between  them.  In  an 
adjoining  part,  I  noticed  a  trap-dike,  four  feet  wide, 
ciit  off  and  covered  up  by  the  feldspathic  lava,  as  is 
represented   in  the  woodcut.     The  ridge  ends  on  the 

No.  10. 


DlKS. 

1 — Gray  feldspathio  ^Ava. 

S — A  lajror,  one  inch  in  thicknefls,  of  a  reddish  eartby  matter. 

I— Breociated,  red,  argillaoeons  tnfl. 

eastern  side  in  a  hook,  which  is  not  represented  clearly 
enough  in  any  map  which  I  have  seen;  towards  the 
western  end,  it  gradually  slopes  down  and  divides  into 
several  subordinate  ridges.  The  best  defined  portion 
between  Diana's  Peak  and  Nest  Lodge,  which  supports 
the  highest  pinnacles  in  the  island  varying  from  2,000 
to  2,700  feet,  is  rather  less  than  three  miles  long  in  a 
straight  line.  Throughout  this  space  the  ridge  has 
a  uniform  appearance  and  structure ;  its  curvature 
resembles  that  of  the  coast-line  of  a  great  bay,  being 
made  up  of  many  smaller  curves,  all  open  to  the  south. 
The  northern  and  outer  side  is  supported  by  narrow 
ridges  or  buttresses,  which  slope  down  to  the  adjoining 
country.  The  inside  is  much  steeper,  and  is  almost  pre- 
cipitous ;  it  is  formed  of  the  basset  edges  of  the  strata, 
which  gently  decline  outwards.  Along  some  parts  of 
the  inner  side,  a  little  way  beneath  the  summit,  a  flat 
ledge  extends,  which  imitates  in  outline  the  smaller 
curvatures   of  the   crest.      Ledges  of  this  kind  occur 
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not  LiiincQTi09£]v  ^TTrtTTf  voi^smc  1 1  ih'i  i  sDa  tiicv 
fomuCioa  seems  to  be  doe  co  the  ■rnfrrng  iIqwti  of  & 
lerei  abeeC  <tf  haidened  Iftrs.  cfae  e^na  <rf  wtiidi  le- 
Buin  {like  rh*  ice  rrnnui  a  pooL  &tbii  wfiicli  the  water 
hai  bun  drained  adfaarne  cd  the  xdes.' 

Li  arnne  putK  rhe  ridge  is  snnmninted  by  a  wall 
or  pwafiec.  perpendicniar  oa  both  ades.  Near  Diana's 
P>>ak  diia  wall  is  exTrenielv'  nairDw.  A£  die  Galapagos 
ArcfaipeiaeD  I  abeerred  paiapera.  havinv  a  qmse  smilar 
aCracmre  and  appeaiance.  aimiKnmQn^  aev^sl  of  tbe 
cracera ;  one.  wbidi  £  more  paracolariy  examined, 
waa  cam.posed  of  ^Iosbt,  red  vxmm  firmlj  connected 
too^tiier:  bein<r  ^xxenailv  perpendicular,  and  extend- 
iniT  round  neariv  oie  wiiuie  cmnmii^^ace  of  the  crater, 
it  recderwi  in  almost  inaLtreseibie.  Tbe  Peak  of  Tene- 
rrfe  and  C.:Ci:r)asi.  aL-ccrtia^  ro  Hamboidt.  are  iimilaHj 
conatracted  :  iie  stores  ^  uiiac  '  at  tht>ir  sonimits  a  cir- 
calar  wtiU  jnrrouiids  the  crater,  wbicii  walL  at  a 
distance,  has  the  icpearanfe  of  a  small  cylinder  placed 
on  a  truncated  ctne.  On.  CoCEjpasi '  tliia  pecnliar 
stractore  ia  visiLie  Bo  tie  nak^jd  eve  as  more  than 
2.'»)  toises'  distance :  and  m?  person  has  ever  reached 
ita  crater.  On  the  Peak  of  Teneriife,  cfce  parapet  is  so 
high,  that  it  wtuld  be  icap-^ssibte  to  reach  the  ni^Jera, 
if  on  the  eastern  sld-;  there  did  cot  eiisi  a  breach.' 
The  origin  of  these  cirr-'clar  parapets  is  probably  da« 
to  the  heat  ^x  Tap>:ars  lTi:m  the  crater,  penetrating 
and  hardening  the  sides  to  a  nearly  eqcal  depth,  and 
aftprwarda  to  the  mountain  being  slowly  acted  on  by 
the   weather,   which  woald  leave  tbe   hardened   part, 

'  A  most  Teniar^ble  ic^arce  of  this  MmctDTe  i*  described  in 
Eliiis  '  P'jljr.efiiaii  E*seaJc!iea'  (ieCoad  edit.V  where  an  «ilii;irablo 
'Irs'sin^  is  gi7eB  of  the  snccessiTe  ledsea  or  terraces  on  the  botdeia 
of  iLr  immeiife  crater  u  Hanaii,  in  [he  Saodirich  LilaiidB, 

■  '  ViTJumal  NarAlive,'  vol.  i.  p.  171. 

•  llumboldt't'Pictureaqne  Allaj.'folio.pl.  la 
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projecting  in    the    form    of    a    cylinder    or   circular 
parapet. 

From  the  points  of  structure  in  the  central  ridge, 
now  enumerated, — namely,  from  the  convergence  to- 
wards it  of  the  beds  of  the  upper  series, — ^firom  the 
lavas  there  becomiDg  highly  cellular, — from  the  flat 
ledge,  extending  along  its  inner  and  precipitous  side, 
like  that  within  some  still  active  craters, — ^from  the 
parapet-like  wall  on  its  summit, — and  lastly,  from  its 
peculiar  curvature,  nnlike  that  of  any  common  line  of 
elevation,  I  cannot  doubt  that  this  curved  ridge 
forms  the  last  remnant  of  a  great  crater.  In  endeavour- 
ing, however,  to  trace  its  former  outline,  one  is  soon 
baffled ;  its  western  extremity  gradually  slopes  down, 
and,  branching  into  other  ridges,  extends  to  the  sea- 
coast  ;  the  eastern  end  is  more  curved,  but  it  is  only 
a  little  better  defined.  Some  appearances  lead  me  to 
suppose  that  the  southern  wall  of  the  crater  joined  the 
present  ridge  near  Nest  Lodge ;  in  this  case  the  crater 
must  have  been  nearly  three  miles  long,  and  about  a 
mile  and  a  half  in  breadth.  Had  the  denudation  of 
the  ridge  and  the  decomposition  of  its  constituent 
rocks  proceeded  a  few  steps  farther,  and  had  this  ridge, 
like  several  other  parts  of  the  island,  been  broken  up 
by  great  dikes  and  masses  of  injected  matter,  we  should 
in  vain  have  endeavoured  to  discover  its  true  nature. 
Even  now  we  have  seen  that  at  Flagstaff  Hill  the 
lower  extremity  and  most  distant  portion  of  one  sheet 
of  the  erupted  matter  has  been  upheaved  to  as  great  a 
height  as  the  crater  down  which  it  flowed,  and  pro- 
bably even  to  a  greater  height.  It  is  interesting  thus 
to  trace  the  steps  by  which  the  structure  of  a  volcanic 
district  becomes  obscured,  and  finally  obliterated:  so 
near  to  this  last  stage  is  St.  Helena,  that  I  believe  no 
one  has   hitherto  suspected  that  the  central  ridge  or 
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where  are  apt  ^  to  assume  singalar  and  even  grotesque 
shapes,  like  that  of  Lot :  the  peak  at  Fernando  Noronha 
offers  an  instance ;  at  St.  J  ago,  however,  the  cones 
of  phonolite,  though  tapering,  have  a  regular  form. 
Supposing,  as  seems  probable,  that  all  such  hillocks 
or  obelisks  have  originally  been  injected,  whilst 
liquefied,  into  a  mould  formed  by  yielding  strata,  as 
certainly  has  been  the  case  with  Lot,  how  are  we  to 
account  for  the  frequent  abruptness  and  singularity  of 
their  outlines,  compared  with  similarly  injected  masses 
of  greenstone  and  basalt?  Can  it  be  due  to  a  less 
perfect  degree  of  fluidity,  which  is  generally  supposed 
to  be  characteristic  of  the  allied  trachytic  lavas  ? 

Superficial  deposits.  —  Soft  calcareous  sandstone 
occurs  in  extensive,  though  thin,  superficial  beds,  both 
on  the  northern  and  southern  shores  of  the  island. 
It  consists  of  very  minute,  equal-sized,  rounded  particles 
of  shells,  and  other  organic  bodies,  which  partially 
retain  their  yellow,  brown,  and  pink  colours,  and  oc- 
casionally, though  very  rarely,  present  an  obscure  trace 
of  their  original  external  forms.  I  in  vain  endeavoured 
to  find  a  single  unrolled  fragment  of  a  shell.  The 
colour  of  the  particles  is  the  most  obvious  character 
by  which  their  origin  can  be  recognised,  the  tints 
being  affected  (and  an  odour  produced)  by  a  moderate 
heat,  in  the  same  manner  as  in  fresh  shells.  The  par- 
ticles are  cemented  together,  and  are  mingled  with 
some  earthy  matter :  the  purest  masses,  according  to 
Beatson,  contain  70  per  cent,  of  carbonate  of  lime. 
The  beds,  varying  in  thickness  from  two  or  three  feet 
to  fifteen  feet,  coat  the  surface  of  the  ground  ;  they 
generally  lie  on  that  side  of  the  valley  which  is  pro- 
tected fi'om  the  wind,  and  they  occur  at  the  height 

»  D'Aubuisson,  in  his  *  Traits  de  G6ognosie'  (torn.  ii.  p.  640J 
particularly  remarks  that  this  is  the  case. 
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of  several  hundred  feet  above  the  level  of  the  sea. 
Their  position  is  the  same,  which  sand,  if  now  drifted 
by  the  trade- wind,  would  occupy ;  and  no  doubt  they 
thus  originated,  which  explains  the  equal  size  and 
minuteness  of  the  particles,  and  likewise  the  entire 
absence  of  whole  shells,  or  even  of  moderately-sized 
fi-agments.  It  is  remarkable  that  at  the  present  day 
there  are  no  shelly  beaches  on  any  part  of  the  coast, 
whence  calcareous  dust  could  be  drifted  and  winnowed ; 
we  must,  therefore,  look  back  to  a  former  period  when 
before  the  land  was  worn  into  the  present  great 
precipices,  a  shelving  coast,  like  that  of  Ascension, 
was  favourable  to  the  accumulation  of  shelly  detritus. 
Some  of  the  beds  of  this  limestone  are  between  600 
and  700  feet  above  the  sea;  but  part  of  this  height 
may  possibly  be  due  to  an  elevation  of  the  land,  sub- 
sequent to  the  accumulation  of  the  calcareous  sand. 

The  percolation  of  rain-water  has  consolidated  parts 
of  these  beds  into  a  solid  rock,  and  has  formed  masses 
of  dark  brown,  stalagmitic  limestone.  At  the  Sugar- 
Loaf  quarry,  fragments  of  rock  on  the  adjoining  slopes,* 
have  been  thickly  coated  by  successive  fine  layers  of 
calcareous  matter.  It  is  singular,  that  many  of  these 
pebbles  have  their  entire  surfaces  coated^  without  any 
point  of  contact  having  been  left  uncovered ;  hence, 
these  pebbles  must  have  been  lifted  up  by  the  slow 
deposition  between  them  of  the  successive  films  of  car- 
bonate of  lime.  Masses  of  white,  finely  oolitic  rock  are 
attached  to  the  outside  of  some  of  these  coated  pebbles. 


*  In  the  earthy  detritus  on  several  parts  of  this  hill,  irreg^lai 
masses  of  very  impure,  crystallised  sulphate  of  lime  occur  As  this 
subetance  is  now  being  abundantly  deposited  by  the  surf  at  Ascen- 
sion, it  is  possible  that  these  masses  may  thus  have  originated ;  but 
if  so,  it  must  have  been  at  a  period  when  the  land  stood  at  a  much 
lower  level.  This  earthy  selenite  is  now  found  at  a  height  of 
between  600  and  700  feet. 
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respects  a  very  singalar  one  \  it  was  classed,  even  by 
Lamarck,  in  a  marine  genns,  and  having  thos  been 
mistaken  for  a  sea-Bhell,  and  tihe  smaller  accompanying 
species  having  been  overlooked,  the  exact  localities 
vrhere  it  was  foaod  have  been  measared,  and  the  eleva- 
tion of  this  island  thus  deduced !  It  is  very  remarkable 
that  all  the  shells  of  this  species  fonnd  by  me  in  one 
spot,  form  a  distioct  variety,  aa  described  I7  Mr. 
Sowerby,  from  those  procured  from  another  locality  by 
Mr.  Seale.  As  this  Coddogena  is  a  large  and  con- 
spicuous  shell,  I  particularly  enqnired  from  severed 
intelligent  countrymen  whether  they  had  ever  seen  it 
^ive ;  they  all  assured  me  that  they  hod  not,  and  they 
would  not  even  believe  that  it  was  a  land  animal :  Mr. 
Seale,  moreover,  who  was  a  collector  of  eheUs  all  hia 
life  at  St.  Helena,  never  met  with  it  alive.  Possibly 
some  of  the  smaller  species  may  tarn  out  to  be  yet 
living  kinds ;  bnt,  on  the  other  hand,  the  two  land-shells 
which  are  now  living  on  the  island  in  great  numbers, 
do  not  occnr  embedded,  as  far  as  it  is  yet  known,  with 
the  extinct  species.  I  have  shown  in  my  Journal,'  that 
the  extinction  of  these  land-shells  possibly  may  not  be 
an  ancient  event;  aa  a  great  change  took  place  in  the 
state  of  the  island  about  120  years  ago,  when  the  old 
trees  died,  and  were  not  replaced  by  young  ones,  these 
being  destroyed  by  the  goats  and  hogs,  which  had  run 
wild  in  numbers,  from  the  year  1502.  Mr,  Seale  states, 
that  on  Flagstaff  Hill,  where  we  have  seen  that  the 
embedded  land-shells  are  especially  numerous,  traces 
are  everywhere  discoverable,  which  plainly  indicate 
that  it  was  once  thickly  clothed  with  treea ;  at  present 
not  even  a  bush  grows  there.  The  thick  bed  of  black 
vegetable  mould  which   covers  the  shell-bed,  on  the 

■  ■  Jonnul  of  BeMBTcbea,'  1815,  p.  489. 
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flanks  of  this  hill,  was  probably  washed  down  from  the 
upper  part,  as  soon  as  the  trees  perished,  and  the  shelter 
afforded  by  them  was  lost. 

Elevation  of  the  laTid. — :Seeing  that  the  lavas  of 
the  basal  series,  which  are  of  submarine  origin,  are 
raised  above  the  level  of  the  sea,  and  at  some  places  to 
the  height  of  many  hundred  feet,  I  looked  out  for 
superficial  signs  of  the  elevation  of  the  land.  The 
bottoms  of  some  of  the  gorges,  which  descend  to  the 
coast,  are  filled  up  to  the  depth  of  about  a  hundred 
feet,  by  rudely  divided  layers  of  sand,  muddy  clay,  and 
fragmentary  masses ;  in  these  beds,  Mr.  Seale  has  found 
the  bones  .of  the  tropic-bird  and  of  the  albatross;  the 
former  now  rarely,  and  the  latter  never  visiting  the 
island.  From  the  difference  between  these  layers,  and 
the  sloping  piles  of  detritus  which  rest  on  them,  I 
suspect  that  they  were  deposited,  when  the  gorges  stood 
beneath  the  sea.  Mr.  Seale,  moreover,  has  shown  that 
some  of  the  fissure-like  gorges,*  become,  with  a  concave 
outline,  gradually  rather  wider  at  the  bottom  than  at 
the  top;  and  this  peculiar  structure  was  probably 
caused  by  the  wearing  action  of  the  sea,  when  it  entered 
the  lower  part  of  these  gorges.  At  greater  heights, 
the  evidence  of  the  rise  of  the  land  is  even  less  clear : 
nevertheless,  in  a  bay-like  depression  on  the  table-land 
behind  Prosperous  Bay,  at  the  height  of  about  1,000 
feet,  there  are  flat-topped  masses  of  rock,  which  it  is 
scarcely  conceivable,  could  have  been  insulated  from 
the  surrounding  and  similar  strata,  by  any  other  agency 
than  the  denuding  action  of  a  sea-beach.  Much  dcDu- 
dation,  indeed,  has  been  effected  at  great  elevations, 
which  it  would  not  be  easy  to  explain  by  any  other 
means:   thus,   the  flat  summit  of  the  Barn,  which  is 

'  A  fissure-like  gorge,  near  Stony-top,  is  said  by  Air.  Seale  to  be 
S40  feet  deep,  and  only  116  feet  in  width. 
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2,000  feet  high,  presents,  according  to  Mr.  Seale,  a 
perfect  network  of  truncated  dikes ;  on  hills  like  the 
Flagstaff,  formed  of  soil  rock,  we  might  suppose  that 
the  dikes  had  been  worn  down  and  cut  off  by  meteoric 
agency,  but  we  can  hardly  suppose  this  possible  with 
the  hard,  basaltic  strata  of  the  Barn. 

Goasi  denvdation. — The  enormous  cliflfe,  in  many 
parts  between  1,000  and  2,000  feet  in  height,  with 
which  this  prison-like  island  is  surrounded,  with  the 
exception  of  only  a  few  places,  where  narrow  valleys 
descend  to  the  coast,  is  the  most  striking  feature  in  its 
scenery.  We  have  seen  that  portions  of  the  basaltic 
ring,  two  or  three  miles  in  length  by  one  or  two  miles 
in  breadth,  and  from  one  to  two  thousand  feet  in  height, 
have  been  wholly  removed.  There  are,  also,  ledges  and 
banks  of  rock,  rising  out  of  profoundly  deep  water,  and 
distant  from  the  present  coast  letween  three  and  four 
miles,  which,  according  to  Mr.  Seale,  can  be  traced  to 
the  shore,  and  are  found  to  be  the  continuations  of 
certain  well-known  great  dikes.  The  swell  of  the 
Atlantic  Ocean ^has  obviously  been  the  active  power  in 
forming  these  cliffs;  and  it  is  interesting  to  observe 
that  the  lesser,  though  still  great,  height  of  the  cliffs 
on  the  leeward  and  partially  protected  side  of  the 
island,  (extending  from  the  Sugar-Loaf  Hill  to  South 
West  Point,)  corresponds  with  the  lesser  degree  of 
exposure.  When  reflecting  on  the  comparatively  low 
coasts  of  many  volcanic  islands,  which  also  stand  ex- 
posed in  the  open  ocean,  and  are  apparently  of  consider- 
able antiquity,  the  mind  recoils  from  an  attempt  to 
grasp  the  number  of  centuries  of  exposure,  necessary  to 
have  ground  into  mud  and  to  have  dispersed  the  enor- 
mous cubic  mass  of  hard  rock  which  has  been  pared  off 
the  circumference  of  this  island.  The  contrast  in  the 
superficial  state  of    St.   Helena,   compared   with   the 
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nearest  island,  namely,  Ascension,  is  very  striking.  At 
Ascension,  the  surfaces  of  the  lava-streams  are  glossy,  as 
if  just  poared  forth,  their  boundaries  are  well  defined, 
and  they  can  often  be  traced  to  perfect  craters,  whence 
they  were  erupted;  in  the  course  of  many  long  walks,' 
I  did  not  observe  a  single  dike ;  and  the  coast  round 
nearly  the  entire  circumference  is  low,  and  has  been 
eaten  back  (though  too  much  stress  must  not  be  placed 
on  this  fact,  as  the  island  may  have  been  subsiding) 
into  a  little  wall  only  from  ten  to  thirty  feet  high.  Yet 
during  the  340  years,  since  Ascension  has  been  known, 
not  even  the  feeblest  signs  of  volcanic  action  have  been 
recorded.*  On  the  other  hand,  at  St.  Helena,  the  course 
of  no  one  stream  of  lava  can  be  traced,  either  by  the 
state  of  its  boundaries  or  of  its  superficies ;  the  mere 
wreck  of  one  great  crater  is  left ;  not  the  valleys  only, 
but  the  surface  of  some  of  the  highest  hills,  are  inter- 
laced by  wom-down  dikes,  and,  in  many  places,  the 
denuded  summits  of  great  cones  of  injected  rock  stand 
exposed  and  naked ;  lastly,  as  we  have  seen,  the  entire 
circuit  of  the  island  has  been  deeply  woin  back  into  the 
grandest  precipices. 

Craters  of  Elevation. 

There  is  much  resemblance  in  structure  and  in 
geological  history  between  St.  Helena,  St.  Jago,  and 
Mauritius.     All  three  islands  are  bounded  (at  least  in 

»  In  the 'Nautical  Ma^zine'for  1835,  p.  642,  and  for  1838,  p. 
361,  aod  in  the  '  Comptes  Rendus,*  April,  1838,  accounts  are  given  of 
a  series  of  volcanic  phenomena — earthquakes — troubled  water — 
fioating  scoria:  and  columns  of  smoke — which  have  been  observed  at 
iutervsils  since  the  middle  of  the  last  century,  in  a  space  of  open  sea 
between  longitudes  20°  and  22°  west,  about  half  a  degree  south  of 
the  equator.  These  facts  seem  to  show,  that  an  island  or  an  archi- 
pelago is  in  process  of  formation  in  the  middle  of  the  Atlantic :  a 
line  joining  St.  Helena  and  Ascension,  prolonged,  intersects  this 
slowly  nascent  focus  of  volcanic  action. 
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the  parts  which  I  wa3  able  to  examine)  by  a  ring  oi 
basaltic  Tnoantains,  now  much  broken,  bat  evidently 
once  continuous.  These  mountains  have,  or  apparently 
once  had,  their  escarpements  steep  towards  the  interior 
of  the  island,  and  their  strata  dip  outwards.  I  was 
able  to  ascertain,  only  in  a  few  cases,  the  inclination  of 
the  beds ;  nor  was  this  easy,  for  the  stratification  was 
generally  obscure,  except  when  viewed  from  a  distance. 
I  feel,  however,  little  doubt  that,  according  to  the  re- 
searches of  M.  Elie  de  Beaumont,  their  average  in- 
clination is  greater  than  that  which  they  could  have 
acquired,  considering  their  thickness  and  compactness, 
by  flowing  down  a  sloping  surface.  At  St.  Helena, 
and  at  St.  Jago,  the  basaltic  strata  rest  on  older  and 
probably  submarine  beds  of  diflerent  composition.  At 
all  three  islands,  deluges  of  more  recent  lavas  have 
flowed  from  the  centre  of  the  island,  towards  and  be- 
tween the  basaltic  mountains ;  and  at  St.  Helena  the 
central  platform  has  been  filled  up  by  them.  All 
three  islands  have  been  raised  in  mass.  At  Mauritius 
the  sea,  within  a  late  geological  period,  must  have 
reached  to  the  foot  of  the  basaltic  mountains,  as  it  now 
does  at  St.  Helena  ;  and  at  St.  Jago  it  is  cutting  back 
the  intermediate  plain  towards  them.  In  these  three 
islands,  but  especially  at  St,  Jago  and  at  Mauritius, 
when,  standing  on  the  summit  of  one  of  the  old  basaltic 
mountains,  one  looks  in  vain  towards  the  centre  of  the 
island, — the  point  towards  which  the  strata  beneath 
one's  feet,  and  of  the  mountains  on  each  side,  rudely 
converge, — for  a  source  whence  these  strata  could  have 
been  erupted  ;  but  one  sees  only  a  vast  hollow  platform 
stretched  beneath,  or  piles  of  matter  of  more  recent 
origin. 

These   basaltic   mountains  come,  I   presume,  into 
the   class  of  Craters  of  elevation:    it  is   immaterial 
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whether  the  rings  were  ever  completely  formed,  for  the 
portions  which  now  exist  have  so  uniform  a  structure, 
that,  if  they  do  not  form  fragments  of  true  craters, 
they  cannot  be  classed  with  ordinary  lines  of  elevation. 
With  respect  to  their  origin,  after  having  read   the 
works  of  Mr.  Lyell,*  and  of  MM.  C.  Prevost  and  Virlet, 
I  cannot  believe  that  the  great  central  hollows  have 
been  formed  by  a  simple  dome-shaped  elevation,  and 
the  consequent  arching  of  the  strata.     On  the  other 
hand,  I  have  very  great  difficulty  in  admitting  that 
these  basaltic  mountains  are  merely  the  basal  fragments 
of  great  vplcanos,  of  which  the  summits  have  either 
been  blown  off,  or  more  probably  swallowed  up  by 
subsidence.     These  rings  are,  in  some  instances,  so 
immense,  as  at  St.  Jago  and  at  Mauritius,  and  their 
occurrence  is  so  frequent,  that  I  can  hardly  persuade 
myself  to  adopt  this  explanation.     Moreover,  I  suspect 
that  the  following  circumstances,  from  their  frequent 
concurrence,  are  someway  connected  together, — a  con- 
nection  not  implied   in   either  of  the   above'  views: 
namely,  first,  the  broken  state  of  the  ring,  showing 
that  the  now  detached  portions  have  been  exposed  to 
great  denudation,  and  in  some  cases,  perhaps,  rendering 
it  probable  that  the  ring  never  was  entire;  secondly, 
the  great  amount  of  matter  erupted  from  the  central 
area  after  or  during  the  formation  of  the  ring;   and 
thirdly,  the  elevation  of  the  district  in  mass.     As  far 
as  relates  to  the  inclination  of  the  strata  being  greater 
than  that  which  the  basal  fragments  of  ordinary  vol- 
canos  would  naturally  possess,  I  can  readily  believe 
•  that  this  inclination  might  have  been  slowly  acquired 
by  that  amount  of  elevation,  of  which,  according  to 
M.  Elie  de  Beaumont,  the  numerous  upfiUed  fissures  01 
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dikes  are  the  evidence  and  the  measure, — a  vievr 
equally  novel  and  important,  which  we  owe  to  the  re- 
searches of  that  geologist  on  Mount  Etna. 

A  conjecture,  including  the  above  circumstances, 
occurred  to  me,  when, — with  my  mind  fully  convinced, 
from  the  phenomena  of  1835  in  South  America,^  that 
the  forces  which  eject  matter  from  volcanic  orifices  and 
raise  continents  in  mass  are  identical, — I  viewed  that 
part  of  the  coast  of  St.  J  ago,  where  the  horizontally 
upraised,  calcareous  stratum  dips  into  the  sea,  directly 
beneath  a  cone  of  subsequently  erupted  lava.  The 
conjecture  is  that,  during  the  slow  elevation  of  a  vol- 
canic district  or  island,  in  the  centre  of  which  one  or 
more  orifices  continue  open,  and  thus  relieve  the  sub- 
terranean forces,  the  borders  are  elevated  more  than 
the  central  area ;  and  that  the  portions  thus  upraised 
do  not  slope  gently  into  the  central,  less  elevated  area, 
as  does  the  calcareous  stratum  under  the  cone  at  St. 
J  ago,  and  as  does  a  large  part  of  the  circumference  of 
Iceland,*^  but  that  they  are  separated  from  it  by  curved 

*  I  have  given  a  detailed  account  of  these  phenomena,  in  a  paper 
read  before  the  Geological  Society  in  March,  1 838.  At  the  instant 
of  time,  when  an  immense  area  was  convulsed  and  a  large  tract 
elevated,  the  districts  immediately  surrounding  several  of  tne  great 
vents  in  the  Cordillera  remained  quiescent ;  the  subterranean  forces 
being  apparently  relieved  by  the  eruptions,  which  then  recommenced 
with  great  violence.  An  event  of  somewhat  the  same  kind,  but  on 
an  infinitely  smaller  scale,  appears  to  have  taken  place,  according 
to  Abich  ('  Views  of  Vesuvius,'  plates  i.  and  ix.),  within  the  great 
crater  of  Vesuvius,  where  a  platform  on  one  side  of  a  figure  was 
raised  in  mass  twenty  feet,  whilst  on  the  other  side,  a  train  of  small 
volcanos  burst  forth  in  eruption. 

*  it  appears,  from  information  communicated  to  me  in  the  most 
obliging  manner  by  M.  E.  Robert,  that  the  circumferential  p^rts  of 
Iceland,  which  are  composed  of  ancient  ba-^aliic  s  rata  alternating 
witli  tuff,  dip  inland,  thus  forming  a  gigantic  saucer.  M.  Robei-t 
found  that  this  was  the  case,  with  a  few  and  quite  local  exceptions, 
for  a  space  of  coast  several  hundred  miles  in  length.  I  find  this 
statement  corroborated,  as  far  as  regards  one  place,  by  Mackenzie, 
in  his  'Travels  '  (p.  377),  and  in  another  place  by  some  MS.  notes 
kindly  lent  mo  by  Dr.  Holland.  The  c^^ast  is  deeply  indented  by 
creeks,  at  the  head  of  which  the  land  is  generally  low.     M .  Robert 
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faults.  We  might  expect,  from  what  we  see  along 
ordinary  faults,  that  the  strata  on  the  upraised  side, 
already  dipping  outwards  from  their  original  formation 
as  layaH9treams,  would  be  tilted  from  the  line  of  fault, 
and  thus  have  their  inclination  increased.  According 
bo  this  hypothesis,  which  I  am  tempted  to  extend  only 
to  some  few  cases,  it  is  not  probable  that  the  ring 
would  ever  be  formed  quite  perfect;  and  from  the 
elevation  being  slow,  the  upraised  portions  would 
generally  be  exposed  to  much  denudation,  and  hence 
the  ring  become  broken  ;  we  might  also  expect  to  find 
occasional  inequalities  in  the  dip  of  the  upraised 
masses,  as  is  the  case  at  St.  Jago.  By  this  hypothesis 
the  elevation  of  the  districts  in  mass,  and  the  flowing 
of  deluges  of  lava  from  the  central  platforms,  are  like- 
wise connected  together.  On  this  view  the  marginal 
basaltic  mountains  of  the  three  foregoing  islands  might 
still  be  considered  as  forming  *  Craters  of  elevation ;  * 
the  kind  of  elevation  implied  having  been  slow,  and 
the  central  hollow  or  platform  having  been  formed,  not 
by  the  arching  of  the  surface,  but  simply  by  that  part 
having  been  upraised  to  a  less  height. 

informs  me,  that  the  inwardly  dipping  strata  appear  to  extend  as 
far  as  this  line,  and  that  their  inclioation  usually  corresponds  with 
the  slope  of  the  surface,  from  the  high  coast- mountains  to  the  low 
land  at  the  head  of  these  creeks.  In  the  section  described  by  Sir 
O.  Blackenzie,  the  dip  is  12°.  The  interior  parts  of  the  island  chiefly 
consist,  as  far  as  is  known,  of  recently  eniptcd  matter.  The  great 
•i*ze,  however,  of  Iceland,  equalling  the  balkiest  part  of  England, 
ought  perhaps  to  exclude  it  from  the  class  of  islands  we  have  boea 
considering ;  but  I  cannot  avoid  suspecting  tliat  if  the  coast-moun- 
tains, instead  of  gently  sloping  into  the  less  elevated  central  area, 
bad  been  separated  from  it  by  irregularly  curved  faults,  the  strata 
would  have  been  tilted  seaward,  and  a  •  Crater  of  elevation,*  like 
that  of  St.  Jago  or  that  of  Mauritius,  but  of  much  vaster  dimensions, 
would  have  been  formed.  I  will  only  further  remark,  that  the 
frequent  occurrence  of  extensive  lakes  at  the  foot  of  large  volcanos, 
and  the  frequent  association  of  volcanic  and  fresh-water  strata, 
seem  to  indicate  that  the  areas  around  volcanos  are  apt  to  be 
depressed  beneath  the  general  level  of  the  adjoining  country,  eithei 
from  having  been  less  elevated,  or  from  the  effects  of  subsidence. 


I  lo  Galapagos  Archipelago.  part  i. 


CHAPTER  V. 

OALAPAGOS  ABGHJPELAGO. 

Chaiha/iii  Island —  Craters  oompoted  of  a  peculiar  kind  of  tuff— Small 
basaltio  oraters,with  hollows  at  their  hoses — AlhenuMrle  Island,Jluid 
lavas f  their  composition — Craters  of  tvff^  inolination  qf  their  eso' 
terior  diverging  strata,  and  strvcture  of  their  interior  converging 
strata — James  Island,  segment  qf  a  small  basaltic  crater  ;  fluidity 
and  eomposUion  of  its  lava  streams,  and  of  its  qjected  fragments — 
Concluding  remarks  on  the  erat&rs  of  tuff,  and  on  the  breached  con» 
dition  of  their  southern  sides — Mineralogical  compontion  of  the 
rocks  of  the  archipelago — Elevation  of  the  land — Direction  of  the 
fissures  of  eruption. 

This  archipelago  is  situated  niid3r  the  Equator,  at  a 
distance  of  between  five  and  six  hundred  miles  from 
the  west  coast  of  South  America.  It  consists  of  five 
principal  islands,  and  of  several  small  ones,  which 
together  are  equal  in  area,*  but  not  in  extent  of  land, 
to  Sicily,  conjointly  with  the  Ionian  Islands.  They  are 
all  volcanic :  on  two,  craters  have  been  seen  in  erup- 
tion, and  on  several  of  the  other  islands,  streams  of 
lava  have  a  recent  appearance.  The  larger  islands  arfe 
chiefly  composed  of  solid  rock,  and  they  rise  with  a 
tame  outline  to  a  height  of  between  one  and  four 
thousand  feet.  They  are  sometimes,  but  not  generally, 
surmounted  by  one  principal  orifice.     The  craters  vary 

>  I  exclude  from  this  measurement,  tbe  small  volcanic  islands 
of  Culpepper  and  Wenman,  lying  seventy  miles  northward  of  the 
group.  Craters  were  visible  on  all  the  islands  of  the  group,  except 
on  Towers  Island,  which  is  one  of  the  lowest ;  this  island  is,  however, 
formed  of  volcanic  rocks. 
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in  size  from  mere  spiracles  to  huge  caldrons  several 
miles  in  cii*camference  ;  they  are  extraordinarily 
numerous,  so  that  I  should  think,  if  enumerated,  they 
would  be  found  to  exceed  two  thousand  ;  they  are 
formed  either  of  scoriaa  and  lava,  or  of  a  brown  coloured 
tuff;   and  these  latter  craters  are  in  several  respects 
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remarkable.  The  whole  group  was  surveyed  by  the 
officers  of  the  Beagle.  I  visited  myself  four  of  the 
principal  islands,  and  received  specimens  from  all  the 
others.  Under  the  head  of  the  different  islands  I  will 
describe  only  that  which  appears  to  me  deserving  of 
attention. 

Chatham  Island.     Craters  composed  of  a  singulwr 
Mnd  of  tuff, — ^Towards  the  eastern  end  of  this  island 
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tbere  occar  two  craters  composed  of  two  kinds  of  tuff; 
one  kind  being  friable,  like  slightly  consolidated  ashes ; 
and  the  other  compact,  and  of  a  different  natare  from 
anything  which  I  have  met  with  described.  This 
latter  subatance,  where  it  is  best  characterised,  is  of  a 
vellowish-brown  colonr,  translucent,  and  with  a  Instre 
somewhat  resembling  resin ;  it  is  brittle,  with  an 
angular,  rough,  and  very  irregular  fracture,  sometimes, 
however,  being  slightly  granular,  and  even  obscurely 
crystalline:  it  can  readily  be  scratched  with  a  knife, 
yet  some  pointe  are  hard  enough  just  to  mark  common 
gla&i;  it  fuses  with  ease  into  a  blackish-green  glass.  . 
The  mass  contains  numerous  broken  crystals  of  olivine 
and  angite,  and  small  particles  of  black  and  brown 
BCorijB  :  it  is  often  traveraed  by  thin  seams  of  calcareous 
matter.  It  generally  affects  a  nodular  or  concretionary 
structure.  In  a  baud  specimen  this  substance  would 
certainly  be  mistaken  for  a  pale  and  peculiar  variety  of 
pitchstone;  but  when  seen  in  mass  its  stratification, 
and  the  numerous  layers  of  fragments  of  basalt,  both 
angular  and  rounded,  at  once  render  its  subaquooua 
origin  evident.  An  examination  of  a  series  of  speci- 
mens shows  that  this  resin-like  substance  results  from  a 
chemical  change  on  small  particles  of  pale  and  dark- 
coloured  scoriaceous  rocks;  and  this  change  could  be 
distinctly  traced  in  different  stages  round  the  edges  of 
even  the  same  particle.  The  position  near  the  coast 
of  all  the  craters  composed  of  this  kind  of  tuff  or 
peperino,  and  their  breached  condition,  renders  it 
probable  that  they  were  all  formed  when  standing  im- 
mersed in  the  sea;  considering  this  circumstance, 
together  with  the  remarkable  absence  of  large  beds  of 
ashes  in  the  whole  archipelago,  I  think  it  liighly 
probable  that  much  the  greater  part  of  the  tuff  has 
originated  from  the  trituration   of  fragments  of  the 


^Jb^*'^ 
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gray,  basaltic  lavas  in  the  mouths  of  cratera  standing  in 
the  sea.  It  may  be  asked  whether  the  heated  water 
within  these  craters  has  produced  this  singular  change 
in  the  small  scoriaceous  particles,  and  given  to  them 
their  translucent,  resin-like  fracture?  Or  has  the 
associated  lime  played  any  part  in  this  change  ?  I  ask 
these  questions  from  having  found  at  St.  Jago,  in  the 
Cape  de  Verde  Islands,  that  where  a  great  stream  of 
molten  lava  has  flowed  over  a  calcareous  bottom  into 
the  sea,  the  outermost  film,  which  in  other  parts  re- 
sembles pitchstone,  is  changed,  apparently  by  its 
contact  with  the  carbonate  of  lime,  into  a  resin-like 
substance,  precisely  like  the  best  characterised  speci- 
mens of  the  tuff  from  this  archipelago.* 

To  return  to  the  -two  craters :  one  of  them  stands  at 
the  distance  of  a  league  from  the  coast,  the  intervening 
tract  consisting  of  a  calcareous  tuff,  apparently  of  sub- 
marine origin.  This  crater  consists  of  a  circle  of  hills, 
some  of  which  stand  quite  detached,  but  all  have  a  very 
regular,  qud-qua  versal  dip,  at  an  inclination  of  between 
thirty  and  forty  degrees.  The  lower  beds,  to  the  thick- 
ness of  several  hundred  feet,  consist  of  the  resin-like 
stone,  with  embedded  fragments  of  lava.  The  upper 
beds,  which  are  between  thirty  and  forty  feet  in  thick- 
ness, are  composed  of  a  thinly  stratified,  fine-grained, 
harsh,  friable,  brown-coloured  tuff,  or  peperino.*  A 
central   mass  without   any   stratification,  which   must 


'  The  concretions  containing  lime,  which  I  have  described  at 
Ascension,  as  formed  in  a  bed  of  ashes,  present  some  degree  of  re- 
semblance to  this  substance,  but  they  have  not  a  resinous  fracture. 
At  St.  Helena,  also,  I  found  veins  of  a  somewhat  similar,  compact,  but 
non-resinous  substance,  occurring  in  a  bed  of  pumiceous  ashes,  appa- 
rently free  from  calcareous  matter :  in  neither  of  these  cases  could 
heat  have  acted. 

'  Those  geologists  who  restrict  the  term  of  *t.uflf  to  ashes  of  a 
white  colour,  resulting  from  the  attrition  of  feldspathic  lavas,  would 
call  these  brDwn-coloured  strata  '  peperiuo.' 
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formerly  hare  occupied  the  hollow  of  the  enter,  but  is 
now  attached  odIj  to  a  few  of  the  circantferential  hills, 
consists  of  a  tnff,  intermediate  in  character  between 
that  with  a  resin-like,  and  that  with  an  earthy  fracture. 
This  mass  contains  white  calcareous  matter  in  small 
patches.  The  second  crater  (520  feet  in  height)  mast 
have  existed  until  the  eraptdon  of  a  recent,  great  ntream 
of  lava,  as  a  separate  islet ;  a  fine  section,  worn  by  the 
sea,  shows  a  grand  fannel-shaped  mass  of  basalt,  sar- 
roonded  \s^  steep,  sloping  flanks  of  toff,  having  in  parts 
an  earthy,  and  in  others,  a  semi-resinons  fracture.  The 
tnff  is  traversed  by  several  broad,  vertical  dikes,  with 
smooth  and  parallel  sides,  which  I  did  not  doubt  were 
formed  of  basalt,  nntil  I  actually  broke  off  fragments. 
These  dikes,  however,  consist  of  tnff  like  that  of  the 
surrounding  strata,  but  more  compact,  and  with  a 
Bmootber    fracture ;    hence    we    most   conclude,    that 


So.  13. 


fissures  were  formed  and  filled  up  with  the  finer  mud 
or  tuff  from  the  crater,  before  its  interior  was  occupied, 
as  it  now  is,  by  a  solidified  pool  of  basalt.  Other 
fissures  have  been  subsequently  formed,  parallel  to 
these  singular  dikes,  and  are  merely  filled  with  loose 
rubbish.  The  change  from  ordinary  scoriaceous  parti- 
cles  to   the  substance  with   a   semi-resinous   fracture, 
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could  be  clearly  followed  in  portions  of  the  compact 
taff  of  these  dikes. 

At  the  distance  of  a  few  miles  from  these  two 
craters,  stands  the  Kicker  Bock,  or  islet,  remarkable 
from  its  singular  form.  It  is  unstratified,  and  is  com- 
posed of  compact  tuff,  in  parts  having  the  resin-like 
firacture.  It  is  probable  that  this  amorphous  mass, 
like  that  similar  mass  in  the  case  first  described,  once 
filled  up  the  central  hollow  of  a  crater,  and  that  its 
flanks,  or  sloping  walls,  have  since  been  worn  quite 
away  by  the  sea,  in  which  it  stands  exposed. 

Small  basaltic  craters. — A  bare,  undulating  tract, 
at  the  eastern  end  of  Chatham  Island,  is  remarkable 
from  the  number,  proximity,  and  form  of  the  small 
basaltic  craters  with  which  it  is  studded.  They  consist, 
either  of  a  mere  conical  pile,  or,  but  less  commonly,  of 
a  circle,  of  black  and  red,  glossy  scoriae,  partially  ce- 
mented together.  They  vary  in  diameter  from  30  to 
150  yards,  and  rise  from  about  50  to  100  feet  above 
the  level  of  the  surrounding  plain.  From  one  small 
eminence,  I  counted  sixty  of  these  craters,  all  of  which 
were  within  a  third  of  a  mile  from  each  other,  and 
many  were  much  closer.  I  measured  the  distance 
between  two  very  small  craters,  and  found  that  it  was 
only  thirty  yards  from  the  summit-rim  of  one  to  the 
rim  of  the  other.  Small  streams  of  black,  basaltic  lava, 
containing  olivine  and  much  glassy  feldspar,  have  flowed 
from  many,  but  not  from  all  of  these  craters.  The 
sur&ces  of  the  more  recent  streams  were  exceedingly 
rugged,  and  were  crossed  by  great  fissures ;  the  older 
streams  were  only  a  little  less  rugged ;  and  they  were 
all  blended  and  mingled  together  in  complete  confusion. 
The  different  growth,  however,  of  the  trees  on  the 
streams,  often  plainly  marked  their  different  ages. 
Had  it  not  been  for  this  latter  character,  the  streams 
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could  in  few  cases  have  been  distinguished ;  and,  con- 
sequently, this  wide  undalatory  tract  might  have,  (as 
probably  many  tracts  have,)  been  erroneously  considered 
as  formed  of  one  great  deluge  of  lava,  instead  of  by  a 
multitude  of  small  streams,  erupted  from  many  small 
orifices. 

In  several  parts  of  this  tract,  and  especially  at  the 
base  of  the  small  craters,  there  are  circular  pits,  with 
perpendicular  sides,  from  twenty  to  forty  feet  deep.  At 
the  foot  of  one  small  crater,  there  were  three  of  these 
pits.  They  have  probably  been  formed,  by  the  falling 
in  of  the  roofs  of  small  caverns.*  In  other  parts,  there 
are  mammiform  hillocks,  which  resemble  great  bubbles 
of  lava,  with  their  summits  fissured  by  irregular  cracks, 
which  appeared,  upon  entering  them,  to  be  very  deep ; 
lava  has  not  flowed  from  these  hillocks.  There  are, 
also,  other  very  regular,  mammiform  hillocks,  composed 
of  stratified  lava,  and  surmounted  by  circular,  steep- 
sided  hollows,  which,  I  suppose  have  been  formed  by  a 
body  of  gas,  first,  arching  the  strata  into  one  of  the 
bubble-like  hillocks,  and  then,  blowing  ofi"  its  summit. 
These  several  kinds  of  hillocks  and  pits,  as  well  as  the 
numerous,  small,  scoriaceous  craters,  all  show  that  this 
tract  has  been  penetrated,  almost  like  a  sieve,  by  the 
passage  of  heated  vapours.  The  more  regular  hillocks 
could  only  have  been  heaved  up,  whilst  the  lava  was  in 
a  softened  state.* 

'  M.  Elie  de  Beaumont  has  described  (•M6m.  pour  servir/ &c., 
torn.  iv.  p.  ll.B)  many  *  petits  cirques  d'6boulement '  on  Etna,  of  some 
of  which  the  origin  is  historically  known. 

«  Sir  G.  Mackenzie  ('Travels  in  Iceland,'  pp.  389  to  392)  has  de- 
scribed a  plain  of  lava  at  the  foot  of  Hecla,  everywhere  heaved  up  into 
great  bubbles  or  blisters.  Sir  George  states  that  this  cavernous  lava 
composes  the  uppermost  stratum ;  and  the  same  fact  is  affirmed  by 
Von  Buch  ('Descript.  des  Ifes  Canaries/  p.l59),  with  respect  to  the 
basaltic  stream  near  Rialejo,  in  Teneriffe.  It  appears  singular  that 
It  should  be  the  upper  streams  that  are  chiefly  cavernous,  for  one 
sees  no  reason  why  the  ap2>erand  lower  should  not  have  been  equally 
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Albemarle  Island. — This  island  consists  of  fivej 
great,  flat-topped  craters,  which,  together  with  the  one 
on  the  adjoining  island  of  Narborough,  singularly  re- 
semble each  other,  in  form  and  height.  The  southern 
one  is  4,700  feet  high,  two  others  are  3,720  feet,  a  third 
only  50  feet  higher,  and  the  remaining  ones  apparently 
of  nearly  the  same  height.  Three  of  these  are  situated 
on  one  line,  and  their  craters  appear  elongated  in  nearly 
the  same  direction.  The  northern  crater,  which  is  not 
the  largest,  was  found  by  the  triangulation  to  measure, 
externally,  no  less  than  three  miles  and  one-eighth  of  a 
mile  in  diameter.  Over  the  lips  of  these  great,  broad 
caldrons,  and  from  little  orifices  near  their  summits, 
deluges  of  black  lava  have  flowed  down  their  naked  sides. 

Fluidity  of  different  lavas, — Near  Tagus  or  Banka' 
Cove,  I  examined  one  of  these  great  st'-eams  of  lava, 
which  is  remarkable  from  the  evidence  of  its  former 
high  degree  of  fluidity,  especially  when  its  composition 
is  considered.  Near  the  sea-coast  this  stream  is  several* 
miles  in  width.  It  consists  of  a  black,  compact  base, 
easily  fusible  into  a  black  bead,  with  angular  and  not 
very  numerous  air-cells,  and  thickly  studded  with  large, 
fractured  crystals  of  glassy   albite,*  varying  from  the- 

affected  at  different  times; — have  the  inferior  streams  flowed  beneath 
the  pressnre  of  the  sea,  and  thus  been  flattened,  after  the  passage- 
thioogh  them,  of  bodies  of  gas  ? 

*  In  the  Cordillera  of  Chile,  I  have  seen  lava  very  closely  resem-- 
bling  this  variety  at  the  Galapagos  Archipelago.   It  contained,  how« 
ever,  besides  the  albite,  well-formed  crystals  of  augite,  and  the  baso: 
(perhaps  in  consequence  of  the  aggregation  of  the  augitic  particles) 
was  a  shade  lighter  in  colour.    I  may  here  remark,  that  in  all  these 
cases,  I  caU  the  feldspathic  crystals,  alHte^  from  their  cleavage- 
planers  (as  measured  by  the  reflecting  goniometer)  corresponding 
with  those  of  that  mineral.    As,  however,  other  »pecies  of  this  genus 
have  lately  been  discovered  to  cleave  in  nearly  the  same  planes  with, 
albite,  this  determination  must  be  considered  as  only  provisional.    I 
examined  the  crystals  in  the  lavas  of  many  different  parts  of  the 
Galapagos  group,  and  I  found  that  none  of  them,  with  the  exception, 
of  some  crystals  from  one  part  of  James  Island,  cleaved  in  the. 
direction  of  orthito  or  potash-feldspar. 
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tenth  of  an  incli  to  half-an-inch,  in  diameter.  This 
lava,  although  at  first  sight  appearing  eminently  por- 
phyritic,  cannot  properly  be  cx)nsidered  so,  for  the 
crystals  have  evidently  been  enveloped,  rounded,  and 
penetrated  by  the  lava,  like  fragments  of  foreign  rock 
in  a  trap- dike.  This  was  very  clear  in  some  specimens 
of  a  similar  lava,  from  Abingdon  Island,  in  which  the 
only  difierence  was,  that  the  vesicles  were  spherical  and 
more  numerous.  The  albite  in  these  lavas  is  in  a 
similar  condition  with  the  leucite  of  Vesuvius,  and  with 
the  olivine,  described  by  Von  Buch,*  as  projecting  in 
great  balls  from  the  basalt  of  Lanzarote.  Besides  the 
albite,  this  lava  contains  scattered  grains  of  a  green 
mineral,  with  no  distinct  cleavage,  and  closely  resem- 
bling olivine ;  ^  but  as  it  fuses  easily  into  a  green  glass, 
it  belongs  probably  to  the  augitic  family:  at  James 
Island,  however,  a  similar  lava  contained  true  olivine. 
I  obtained  specimens  from  the  actual  surface,  and  from 
a  depth  of  four  feet,  but  they  differed  in  no  respect. 
The  high  degree  of  fluidity  of  this  lava-stream  was  at 
once  evident,  from  its  smooth  and  gently  sloping  sur- 
face, from  the  manner  in  which  the  main  stream  was 
divided  by  small  inequalities  into  little  rills,  and  es- 
pecially from  the  manner  in  which  its  edges,  far  below 
its  source,  and  where  it  must  have  been  in  some  degree 
cooled,  thinned  out  to  almost  nothing  ;  the  actual 
margin  consisting  of  loose  fragments,  few  of  which  were 
larger  than  a  man's  head.  The  contrast  between  this 
margin,  and  the  steep  walls,  above  twenty  feet  high, 
bounding  many  of  the  basaltic  streams  at  Ascension,  is 
very  remarkable.  It  has  generally  been  supposed  that 
lavas  abounding  with   large   crystals,   and    including 

'  *  Description  des  Isles  Canaries,'  p.  296. 

*  Humboldt  mentions  that  he  mistook  a  green  augitic  mineral, 
occurring  in  the  volcanic  rocks  of  the  Cordillera  of  Quito,  for  olivine. 
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angular  vesicles/  have  possessed  little  fluidity  ;  but  we 
see  that  the  case  has  been  very  different  at  Albemarle 
Island.  The  degree  of  fluidity  in  diflerent  lavas,  does 
not  seem  to  correspond  with  any  ajtparent  corresponding 
amount  of  diflference  in  their  composition:  at  Chatham 
Island,  some  streams,  containing  much  glassy  albite 
and  some  oliviae,  are  so  rugged,  that  they  may  be  com- 
pared to  a  sea  frozen  during  a  storm  ;  whilst  the  great 
stream  at  Albemarle  Island  is  almost  as  smooth  as  a 
lake  when  ruffled  by  a  breeze.  At  James  Island,  black 
basaltic  lava,  abounding  with  small  grains  of  olivine, 
presents  an  intermediate  degree  of  roughness  ;  its  sur- 
face being  glossy,  and  the  detached  fragments  resem- 
bling in  a  very  singular  manner,  folds  of  drapery,  cables, 
and  pieces  of  the  bark  of  trees.* 

Craters  of  tuff, — About  a  mile  southward  of  Banks' 
Cove,  there  is  a  fine  elliptic  crater,  about  500  feet  in 
depth,  and  three  quarters  of  a  mile  in  diameter.  Its 
bottom  is  occupied  by  a  lake  of  brine,  out  of  which 
some  little  crateriform  hills  of  tuff  rise.  The  lower 
beds   are   formed   of  compact  tuff,  appearing  like  a 

*  The  irregular  and  angular  form  of  the  vesicles  is  probably 
caused  by  the  unequal  yielding  of  a  mass  composed,  in  almost  equal 
proportion,  of  solid  crystals  and  of  a  viscid  base.  It  certainly  seems 
a  general  circumstance,  as  might  have  been  expected,  that  in  lava, 
which  has  possessed  a  high  degree  of  fluidity,  as  well  as  an  even' 
tized  grain,  the  vesicles  are  internally  smooth  and  spherical. 

*  A  specimen  of  basaltic  lava,  with  a  few  small  broken  crystals 
of  albite,  g^ven  me  by  one  of  the  officers,  is  perhaps  worthy  of  de- 
scription. It  consists  of  cylindrical  ramifications,  some  of  which  are 
only  the  twentieth  of  an  inch  in  diameter,  and  are  drawn  out  into 
the  sharpest  points.  The  mass  has  not  been  formed  like  a  stalactite, 
for  the  points  terminate  both  upwards  and  downwards.  Globules, 
only  the  fortieth  of  an  inch  in  diameter,  have  dropped  from  some  of 
the  points,  and  adhere  to  the  adjoining  branches.  The  lava  is  vesi- 
cular, but  the  vesicles  never  reach  the  surface  of  the  branches, 
which  are  smooth  and  glossy.  As  it  is  generally  supposed  that  vesi- 
cles are  always  elongated  in  the  direction  of  the  movement  of  the 
fluid  mass,  I  may  observe,  that  in  these  cylindrical  branches,  which 
vary  from  a  quarter  to  only  the  twentieth  of  an  inch  in  diameter, 
every  air-cell  is  spherical. 
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layers.     These  interior  converging  twda,  as  well  as  the 

proper,  dlTerging,  crateriform   strata,  are   represented 

No.  13. 


in  the  accompanTing  mde,  sectional  sketch  of  the  head- 
lands, forming  this  Cove.  The  internal  and  external 
strata  differ  little  in  composition,  and  the  former  have 
evidently  resulted  from  the  wear  and  tear,  and  re- 
deposition  of  the  matter  forming  the  externa!  crateriform 
strata.  From  the  great  development  of  these  inner 
beds,  a  person  walking  round  the  rim  of  this  crater 
might  fancy  himself  on  a  circular  anti-clinal  ridge 
of  stratified  sandstone  and  conglomerate.  The  sea  is 
wearing  away  the  inner  and  outer  strata,  and  especially 
the  latter  ;  so  that  the  inwardly  converging  strata  will, 
perhaps,  in  some  future  age,  he  left  standing  alone — a 
case  which  might  at  first  perplex  a  geologist.' 

James  Island. — Two  craters  of  tuff  on  this  island 
are  the  only  remaining  ones  which  require  any  notice. 

'  I  believe  that  this  case  actaallf  occurs  in  tlic  Azores,  where 
Dr.  Webster  (' Description,' p.  185)  has  described  a  basin- forme<l, 
little  island,  oomponed  of  itrata  of  tuff,  dipping  inwards  and 
bounded  externally  by  steep  sea-worn  cliffs.  Dr.  Datjbeny  supposes 
(on  Volcanos,  p.  366),  tliat  this  cavity  must  have  t)Oen  formed  by  a 
circular  snhsidence.  It  appears  to  me  far  more  probabU',  that  we 
here  have  strata  which  were  originally  depositee!  within  the  liollow 
of  a  crater,  of  which  the  exterior  walls  have  since  been  removed  by 
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One  of  them  lies  a  mile  and  a-half  inland  from  Puerto 
Grande :  it  is  circular,  about  the  third  of  a  mile  in 
diameter,  and  400  feet  in  depth.  It  differs  firom  all 
the  other  tuff-craters  which  I  examined,  in  having  the 
lower  part  of  its  cavity,  to  the  height  of  between  100 
and  150  feet,  formed  by  a  precipitous  wall  of  basalt, 
giving  to  the  crater  the  appearance  of  having  burst 
through  a  solid  sheet  of  rock.  The  upper  part  of  this 
crater  consists  of  strata  of  the  altered  tuff,  with  a 
semi-resinous  fracture.  Its  bottom  is  occupied  by  a 
shallow  lake  of  brine,  covering  layers  of  salt,  which 
rest  on  deep  black  mud.  The  other  crater  lies  at  the 
distance  of  a  few  miles,  and  is  only  remarkable  from 
its  size  and  perfect  condition.  Its  summit  is  1,200 
feet  above  the  level  of  the  sea,  and  the  interior  hollow 
is  600  feet  deep.  Its  external  sloping  surface  presented 
a  curious  appearance  from  the  smoothness  of  the  wide 
layers  of  tuff,  which  resembled  a  vast  plastered  floor. 
Brattle  Island  is,  I  believe,  the  largest  crater  in  the 
Archipelago  composed  of  tuff;  its  interior  diameter 
is  nearly  a  nautical  mile.  At  present  it  is  in  a  ruined 
condition,  consisting  of  little  more  than  half  a  circle 
open  to  the  south ;  its  great  size  is  probably  due,  in 
part,  to  internal  degradation,  from  the  action  of  the  sea. 
Segment  of  a  small  basaltic  crater. — One  side  of 
Fresh-water  Bay,  in  James  Island,  is  bounded  by  a 
promontory,  which  forms  the  last  wreck  of  a  great 
crater.  On  the  head  of  this  promontory,  a  quadrant- 
shaped  segment  of  a  small  subordinate  point  of 
eruption  stands  exposed.  It  consists  of  nine  separate 
little  streams  of  lava  piled  upon  each  other ;  and 
of  an  irregular  pinnacle,  about  fifteen  feet  high,  of 
reddish-brown,  vesicular  basalt,  abounding  with  large 
crystals  of  glassy  albite,  and  with  fused  augite. 
This  pinnacle,  and  some  adjoining   paps   of  rock  on 
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the  beach,  represents  the  axis  of  the  crater.  The 
streams  of  lava  can  be  followed  ap  a  litttle  ravine,  at 
right  angles  to  the  coast,  for  between  ten  and  fifteen, 
yards,  where  they  are  hidden  by  detritus :  along  the 
beach  they  are  visible  for  nearly  eighty  yards,  and  I 
do  not  believe  that  they  extend  much  farther.  The 
three  lower  Btreama  are  nnited  to  the  pinnacle ;  and  at 
the  point  of  junction  (as  is  shown  in  the  accompanying 
rude  sketch  made  on  tiie  spot),  they  are  sightly  ardied, 
.       No.  14. 


as  if  in  the  act  of  flowing  over  the  lip  of  the  crater. 
The  six  upper  streams  no  doubt  were  originally  united 
to  this  same  column  before  it  was  worn  down  by  the 
sea.  The  lava  of  these  streams  is  of  similar  com- 
position with  that  of  the  pinnacle,  excepting  that  the 
crystals  of  albite  appear  to  be  more  comminuted,  and 
the  grains  of  fused  augite  are  absent.  Each  stream 
is  separated  from  the  one  above  it  by  a  few  inches,  or 
at  most  by  one  or  two  feet  in  thickness,  of  loose  frag- 
mentary scoria;,  api^rently  derived  from  the  abrasion 
of  the  streams  in  passing  over  each  other.  All  these 
streams  are  very  remarkable  from  their  thinness.  I 
carefully  measured  several  of  them  ;  one  was  eight  inches 
thick,  but  was  firmly  coated  with  three  inches  above, 
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and  three  inches  below,  of  red  scoriaceous  rock  (which 
is  the  case  with  all  the  streams),  making  altogether  a 
thickness  of  fourteen  inches:  this  thickness  was  pre- 
served quite  uniformly  along  the  entire  length  of  the 
section.  A  second  stream  was  only  eight  inches  thick, 
including  both  the  upper  and  lower  scoriaceous  surfaces. 
Until  examining  this  section,  I  had  not  thought  it 
possible  that  lava  could  have  flowed  in  such  uniformly 
thin  sheets  over  a  surface  far  from  smooth.  These 
little  streams  closely  resemble  in  composition  that 
great  deluge  of  lava  at  Albemarle  Island,  which  like- 
wise must  have  possessed  a  high  degree  of  fluidity. 

PseucUhextraneouSj  ejected  fragments.  —  In  the 
lava  and  in  the  scorias  of  this  little  crater,  I  found 
several  fragments,  which,  from  their  angular  form, 
their  granular  structure,  their  freedom  from  air-cells, 
their  brittle  and  burnt  condition,  closely  resembled 
those  fragments  of  primary  rocks  which  are  occasionally 
ejected,  as  at  Ascension,  from  volcanos.  These  frag- 
ments consist  of  glassy  albite,  much  mackled,  and  with 
very  imperfect  cleavages,  mingled  with  semi-rounded 
grains,  having  tarnished,  glossy  surfaces,  of  a  steel-blue 
mineral.  The  crystals  of  albite  are  coated  by  a  red 
oxide  of  iron,  appearing  like  a  residual  substance ;  and 
their  cleavage-planes  also  are  sometimes  separated  by 
excessively  fine  layers  of  this  oxide,  giving  to  the 
crystals  the  appearance  of  being  ruled  like  a  glass 
micrometer.  There  was  no  quartz.  The  steel-blue 
mineral,  which  is  abundant  in  the  pinnacle,  but  which 
disappears  in  the  streams  derived  from  the  pinnacle, 
has  a  fused  appearance,  and  rarely  presents  even  a 
trace  of  cleavage ;  I  obtained,  however,  one  measure- 
ment, which  proved  that  it  was  augite;  and  in  one 
other  fragment,  which  differed  from  the  others,  in 
being  slightly  cellular,  and  in  gradually  blending  into 
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the  surroanding  matrix  tlie  small  grains  of  this  mineral 
were  tolerably  well  crystallised.     Althongh  there  is  bo 
wide  a  difference  in  appearance   between  the  lava  of 
the  little  streams,  and  especially  of  their  red  scoriaceooB 
crusts,  and  one  of  these  angular   ejected   {ragmenta, 
which   at  first  sight  might  readily   be   mistaken  finr 
syenite,  yet  I  believe  that  the  lava  has  originated  ftom 
the  melting  and  movement  of  a  mass  of  rock  of  abso- 
lutely similar  composition  with  the  fragments.     Besides 
the  specimen  above  alluded  to,   in  which  we  see  a 
fragment  becoming  slightly  cellular,  and  blending  into 
the  surrounding  matrix,  some  of  the  grains  of  the  steel- 
blue  augite  also  have  their  surfaces   becoming  veiy 
finely  vesicular,  and  passing  into  the   nature  of  the 
surrounding  paste ;  other  grains  are  throughout^  in  an 
intermediate  condition.     The  paste  seems   to   consist 
of  the  augite  more  perfectly  fused,  or,  more  probably, 
merely  disturbed  in  its  softened  state  by  the  movement 
of  the  mass,  and  mingled  with  the  oxide  of  iron  and 
with  finely  comminuted,   glassy   albite.      Hence  pro- 
bably it  is   that  the   fused  albite,  which  is  abundant 
in  the  pinnacle,  disappears  in  the  streams.     The  albite 
is  in  exactly  the  same   state,   with   the  exception  of 
most  of  the  crystals  being  smaller  in  the  lava  and  in 
the  embedded  fragments ;  but  in  the  fragments  they 
appear  to  be  less  abundant:     this,   however,    would 
naturally  happen  from  the  intumescence  of  the  augitic 
base,  and  its  consequent  apparent  increase  in  bulk.     It 
is  interesting  thus  to  trace  the  steps  by  which  a  com- 
pact granular  rock  becomes  converted  into  a  vesicular, 
pseudo-porphyritic  lava,    and  finally  into   red   scoriae. 
The  structure  and  composition  of  the  emljedded  frag- 
ments show  that   they   are  parts  either  of  a  mass  of 
primary  rock  which  has  undergone  considerable  change 
from  volcanic  action,  or  more  probably  of  the  crust  of 


.IM."    J 

fc       IF    -»       -X  _:; "  _     


CHAP.  T.  Ejected  Fragments.  127 

a  body  cf  cooled  and  crystallised  lava,  which  has  after- 
wards  been  broken  up  and  re-liquefied ;  the  crust  being 
less  acted  on  by  the  renewed  heat  and  movement. 

Oondiiding  remarks  on  the  tuff-^fraters. — These 
craters,  fVom  the  peculiarity  of  the  resin-like  substance 
which  enters  largely  into  their  composition,  from  their 
structure,  their  size  and  number,  present  the  most  strik- 
ing feature  in  the  geology  of  this  Archipelago.  The 
majority  of  them  form  either  separate  islets,  or  promon- 
tories attached  to  the  larger  islands ;  and  those  which 
now  stand  at  some  little  distance  from  the  coast  are 
worn  and  breached,  as  if  by  the  action  of  the  sea. 
From  this  general  circumstance  of  their  position,  and 
from  the  small  quantity  of  ejected  ashes  in  any  part 
of  the  Archipelago,  I  am  led  to  conclude,  that  the  tuff 
has  been  chiefly  produced,  by  the  grinding  together  of 
fragments  of  lava  within  active  craters,  communicating 
with  the  sea.  In  the  origin  and  composition  of  the 
tuff,  and  in  the  frequent  presence  of  a  central  lake  of 
brine  and  of  layers  of  salt,  these  craters  resemble,  though 
on  a  gigantic  scale,  the  '  salses,'  or  hillocks  of  mud,  which 
are  common  in  some  parts  of  Italy  and  in  other  countries.* 
Their  closer  connection,  however,  in  this  Archipelago, 
with  ordinary  volcanic  action,  is  shown  by  the  pools  of 
solidified  basalt,  with  which  they  are  sometimes  filled  up. 

It  at  first  appears  very  singular,  that  all  the  crateris 
formed  of  tuff  have  their  southern  sides,  either  quite 
broken  down  and  wholly  removed,  or  much  lower  than 
the  other  sides.  I  saw  and  received  accounts  of  twenty- 
eight  of  these  craters ;  of  these,  twelve  form  separate 

*  D'Aubnisson's  'Traill  de  G6ognosie,'  torn.  i.  p.  189.  I  maj 
remark,  that  I  saw  at  Tercel  ra,  ia  the  Azores,  a  crater  of  taff  or 
peperino,  very  similar  to  these  of  the  Galapagos  Archipelago.  From 
the  description  given  in  Freycinet's  *  Voyage/  similar  ones  occnr  at 
the  Sandwich  lalanda ;  and  probably  they  are  present  in  many  other 
places. 
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islets,'  and  now  exist  as  mere  crescents  qnite  open  to 
the  south,  with  occasionally  a  few  points  of  rock  mark- 
ing their  former  circumference ;  of  the  remaining  six- 
teen, some  form  promontories,  and  others  stand  at  a 
little  distance  inland  from  the  shore;  but  all,  have 
their  southern  sides  either  the  lowest,  or  qnite  broken 
down.  Two,  however,  of  the  sixteen  had  their  northern 
sides  also  low,  whilst  their  eastern  and  western  sides 
were  perfect.  I  did  not  see,  or  hear  of,  a  single  ex- 
ception to  the  rule,  of  these  craters  being  broken  down 
or  low  on  the  side,  which  faces  a  point  of  the  horizon 
between  SE.  and  SW.  This  rule  does  not  apply  to 
craters  composed  of  lava  and  scorias.  The  explanation 
is  simple  :  at  this  Archipelago,  the  waves  from  the 
trade-wind,  and  the  swell  propagated  from  the  distant 
parts  of  the  open  ocean,  coincide  in  direction,  (which 
is  not  the  case  in  many  parts  of  the  Pacific,)  and  with 
their  united  forces  attack  the  southern  sides  of  all  the 
islands;  and  consequently  the  southern  slope,  even 
when  entirely  formed  of  hard  basaltic  rock,  is  invariably 
steeper  than  the  northern  slope.  As  the  tuff-craters 
are  composed  of  a  soft  material,  and  as  probably  all,  or 
nearly  all,  have  at  some  period  stood  immersed  in  the 
sea,  we  need  not  wonder  that  they  should  invariably 
exhibit  on  their  exposed  sides  the  efiects  of  this  great 
denuding  power.  Judging  from  the  worn  condition  of 
many  of  these  craters,  it  is  probable  that  some  have 
been  entirely  washed  away.  As  there  is  no  reason  to 
suppose,   that  the  craters  formed  of  scorias  and  lava 


'  These  consist  of  the  three  Grossman  Islets,  the  largest  of  which 
is  600  feet  in  height ;  Enchanted  Island ;  Gardner  Island  (760  feet 
high)  ;  Champion  Island  (331  feet  high) ;  Enderby  Island ;  Brattle 
Island  ;  two  islets  near  Indefatigable  Island ;  and  one  near  James 
Island.  A  second  crater  near  James  Island  (with  a  salt  lake  in  its 
centre)  has  its  southern  side  only  about  twenty  feet  high,  whilst  the 
other  parts  of  the  circumference  are  about  300  feet  in  height. 
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were  erupted  whilst  standing  in  the  sea,  we  can  see 
why  the  rule  does  not  apply  to  them.  At  Ascension,  it 
was  shown  that  the  mouths  of  the  craters,  which  are 
there  all  of  terrestrial  origin,  have  been  affected  by  the 
trade  wind  ;  and  this  same  power  might  here,  also,  aid 
in  making  the  windward  and  exposed  sides  of  some  of 
the  craters  originally  the  lowest. 

Mineralogical  composition  of  the  rocks. — ^In  the 
northern  islands,  the  basaltic  lavas  seem  generally  to  con- 
tain more  albite  than  they  do  in  the  southern  half  of  the 
Archipelago ;  but  almost  all  the  streams  contain  some. 
The  albite  is  not  unfrequently  associated  with  olivine. 
I  did  not  observe  in  any  specimen  distinguishable 
crystals  of  hornblende  or  augite;  I  except  the  fused 
grains  in  the  ejected  fragments,  and  in  the  pinnacle  of 
the  little  crater,  above  described.  I  did  not  meet  with 
a  single  specimen  of  true  trachyte ;  though  some  of  the 
paler  lavas,  when  abounding  with  large  crystals  of  the 
harsh  and  glassy  albite,  resemble  in  some  degree  this 
rock ;  but  in  every  case  the  basis  fuses  into  a  black 
enamel.  Beds  of  ashes  and  far-ejected  scorias,  as  pre- 
viously stated,  are  almost  absent ;  nor  did  I  see  a  frag- 
ment of  obsidian  or  of  pumice.  Von  Buch*  believes 
that  the  absence  of  pumice  on  Mount  Etna  is  conse- 
quent on  the  feldspar  being  of  the  Labrador  variety ; 
tf  the  presence  of  pumice  depends  on  the  constitution 
of  the  feldspar,  it  is  remarkable,  that  it  should  be  ab- 
sent in  this  archipelago,  and  abundant  in  the  Cordillera 
of  South  America,  in  both  of  which  regions  the  feld- 
spar is  of  the  albitic  variety.  Owing  to  the  absence  of 
ashes,  and  the  general  indecomposable  character  of  the 
lava  in  this  Archipelago,  the  islands  are  slowly  clothed 
with  a  poor  vegetation,  and  the  scenery  has  a  desolate 
and  frightful  aspect. 

*  *  Description  des  Isles  Canaries/  p.  828. 
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Elevation  of  the  land. — Proofs  of  the  rising  of  the 
land  are  scanty  and  imperfect.  At  Chatham  Island,  I 
noticed  some  great  blocks  of  lava,  cemented  by  cal- 
careous matter,  containing  recent  shells;  but  they 
occurred  at  the  height  of  only  a  few  feet  above  high- 
water  mark.  One  of  the  oflScers  gave  me  some  fi'ag- 
ments  of  shells,  which  he  found  embedded  several 
hundred  feet  above  the  sea,  in  the  tuff  of  two  craters, 
distant  frpm  each  other.  It  is  possible,  that  these 
fragments  may  have  been  carried  up  to  their  present 
height  in  an  eruption  of  mud ;  but  as,  in  one  instance, 
they  were  associated  with  broken  oyster-shells,  almost 
forming  a  layer,  it  is  more  probable  that  the  tuff  was 
uplifted  with  the  shells  in  mass.  The  specimens  are 
so  imperfect  that  they  can  be  recognised  only  as  be- 
longing to  recent  marine  genera.  On  Charles  Island, 
I  observed  a  line  of  great  rounded  blocks,  piled  on  the 
summit  of  a  vertical  cliff,  at  the  height  of  fifteen  feet 
above  the  line,  where  the  sea  now  acts  during  the 
heaviest  gales.  This  appeared,  at  first,  good  evidence 
in  favour  of  the  elevation  of  the  land ;  but  it  was 
quite  deceptive,  for  I  afterwards  saw  on  an  adjoining 
part  of  this  same  coast,  and  heard  from  eye-witnesses, 
that  wherever  a  recent  stream  of  lava  forms  a  smooth 
inclined  plane,  entering  the  sea,  the  waves  during  gales 
have  the  power  of  rolling  up  rounded  blocks  to  a  great 
height,  above  the  line  of  their  ordinary  action.  As  the 
little  cliff  in  the  foregoing  case  is  formed  by  a  stream 
of  lava,  which,  before  being  worn  back,  must  have  en- 
tered the  sea  with  a  gently  sloping  surface,  it  is  possible 
or  rather  it  is  probable,  that  the  rounded  boulders, 
now  lying  on  its  summit,  are  merely  the  remnant  of 
those  which  had  been  rolled  up  during  storms  to  their 
present  height. 

Direction  of  the  fissures  of  eruption. — The  volcanic 
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orifices  in  this  group  cannot  be  considered  as  indis- 
criminately scattered.  Three  great  craters  on  Albemarle 
Island  form  a  well  marked  line,  extending  NW.  by  N. 
and  SE.  by  S.  Narborough  Island,  and  the  great  crater 
on  the  rectangular  projection  of  Albemarle  Island, 
form  a  second  parallel  line.  To  the  east,  Hood's 
Island,  and  the  islands  and  rocks  between  it  and  James 
Island,  form  another  nearly  parallel  line,  which,  when 
prolonged,  includes  Culpepper  and  Wenman  Islands, 
lying  seventy  miles  to  the  north.  The  other  islands 
lying  farther  eastward,  form  a  less  regular  fourth  Une. 
Several  of  these  islands,  and  the  vents  on  Albemarle 
Island,  are  so  placed,  that  they  likewise  fall  on  a  set 
of  rudely  parallel  lines,  intersecting  the  former  lines  at 
right  angles ;  so  that  the  principal  craters  appear  to 
lie  on  the  points  where  two  sets  of  fissures  cross  each 
other.  The  islands  themselves,  with  the  exception  of 
Albemarle  Island,  are  not  elongated  in  the  same  direc- 
tion with  the  lines  on  which  they  stand.  The  direction 
of  these  islands  is  nearly  the  same  with  that  which 
prevails  in  so  remarkable  a  manner  in  the  numerous 
archipelagos  of  the  great  Pacific  Ocean.  Finally,  I  may 
remark,  that  amongst  the  Galapagos  Islands  there  is  no 
one  dominant  vent  much  higher  than  all  the  others, 
as  may  be  observed  in  many  volcanic  archipelagos :  the 
highest  is  the  great  mound  on  the  south-western  ex- 
tremity of  Albemarle  Island,  which  exceeds  by  barely 
a  thousand  feet  several  other  neighbouring  craters. 


10 
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CHAPTER  VL 

TRACHYTE  AND   BASALT. — DISTRIBUTION  OF  VOLCANIC 

ISLES. 

The  sinking  qf  oryttdU  in  fluid  lam — Speoifie  gra/oity  of  the  eongti- 
tuetd  parts  qf  trachyte  and  of  basalt,  and  their  eonsequent  separa* 
tian —  Obsidian — Apparent  mm-sepwration  of  the  element  qfphttonie 
rocks— Origin  of  tra}h-dikei  in  theplutonie  series — Distribution  of 
voloanie  ialamds  ;  their  prevalence  in  the  great  oceans — They  are 
generally  arranged  in  lines — The  central  voloanos  of  Von  Buch 
doubtful — Volcanic  uilands  bordering  continents — Antiquity  of 
volcanic  inlands,  arid  their  elevation  in  viasi — Eruptions  on 
parallel  lines  of  fissure  within  the  same  geological  period. 

On  the  separation  of  the  constituent  minerals  of  lava, 
according  to  their  specific  gravities,  —  One  side  of 
Fresh-water  Bay,  in  James  Island,  is  formed  by  the 
wreck  of  a  large  crater,  mentioned  in  the  last  chapter, 
of  which  the  interior  has  been  filled  up  by  a  pool  of 
basalt,  about  200  feet  in  thickness.  This  basalt  is  of  a 
gray  colour,  and  contains  many  crystals  of  glassy  albite. 
which  become  much  more  numerous  in  the  lower, 
scoriaceous  part.  This  is  contrary  to  what  might  have 
been  expected,  for  if  the  crystals  had  been  originally 
disseminated  in  equal  numbers,  the  greater  intumescence 
of  this  lower  scoriaceous  part  would  have  made  them 
appear  fewer  in  number.  Von  Buch  *  has  described  a 
stream  of  obsidian  on  the  peak  of  Teneriffe,  in  which 

•  •  Description  des  Isles  Canaries/  pp.  100  and  191. 
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the  crystals  of  feldspar  become  more  and  more  numerous, 
as  the  depth  or  thickness  increases,  so  that  near  the 
lower  surface  of  the  stream  the  lava  even  resembles  a 
primary  rock.  Von  Buch  further  states,  that  M.  Dr6e, 
in  his  experiments  in  melting  lava,  found  that  the 
<5rystals  of  feldspar  always  tended  to  precipitate  them- 
selves to  the  bottom  of  the  crucible.  In  these  cases,  I 
presume  there  can  be  no  doubt  *  that  the  crystals  sink 
from  their  weight.  The  specific  gravity  of  feldspar 
varies^  from  2*4  to  2*58,  whilst  obsidian  seems  com- 
monly to  be  from  2*3  to  2  4;  and  in  a  fluidified  state 
its  specific  gravity  would  probably  be  less,  which  would 
facilitate  the  sinking  of  the  crystals  of  feldspar.  At 
James  Island,  the  crystals  of  albite,  although  no  doubt 
of  less  weight  than  the  gray  basalt,  in  the  parts  where 
compact,  might  easily  be  of  greater  specific  gravity 
than  the  scoriaceous  mass,  formed  of  melted  lava  and 
bubbles  of  heated  gas. 

The  sinking  of  crystals  through  a  viscid  substance 
like  molten  rock,  as  is  unequivocally  shown  to  have 
been  the  case  in  the  experiments  of  M.  Dr6e,  is  worthy 
of  further  consideration,  as  throwing  light  on  the  sepa- 
ration of  the  trachytic  and  basaltic  series  of  lavas. 
Mr.  P.  Scrope  has  speculated  on  this  subject ;  but  he 

'  In  a  mass  of  molten  iron,  it  is  found  (*  Edinburgh  New  Philoso- 
phical Journal,'  vol  xxiv.  p.  66)  that  the  substances,  which  have  a 
closer  affinity  for  oxyj^en  than  iron  has,  rise  from  the  interior  of 
the  mass  to  the  surface.  But  a  similar  cause  can  hardly  apply  to 
the  separation  of  the  crystals  of  these  lava  streams.  The  cooling  of 
the  surface  of  lava  seems,  in  some  cases,  to  have  affected  its  compo- 
sition ;  for  Dufr6noy  (*  M6m.  pour  servir,'  tom.  iv.  p.  271)  found  that 
the  interior  parts  of  a  stream  near  Naples  contained  two-thirds  of  a 
mineral  which  was  acted  on  by  acids,  whilst  the  surface  consisted 
chiefly  of  a  mineral  unattackable  by  acids. 

'  I  have  taken  the  specific  gravities  of  the  simple  minerals  from 
Von  EobeU,  one  of  the  latest  and  best  authorities,  and  of  the  rocks 
from  various  authorities.  Obsidian,  according  to  Phillips,  is  2*36 ; 
and  Jameson  says  it  never  exceeds  2*4 ;  but  a  specimen  from 
Ascension,  weighed  by  myself,  was  2*42. 
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does  not  seem  to  have  been  aware  of  any  positive  facts, 
snch  as  those  above  given ;  and  he  has  overlooked  one 
very  necessary  element,  as  it  appears  to  me,  in  the 
phenomenon — namely,  the  existence  of  either  the 
lighter  or  heavier  mineral  in  globules  or  in  crystals. 
In  a  substance  of  imperfect  flaidity,  like  molten  rock, 
it  is  hardly  credible,  that  the  separate,  infinitely  small 
atoms,  whether  of  feldspar,  angite,  or  of  any  other 
mineral,  woald  have  power  from  their  slightly  different 
gravities  to  overcome  the  friction  caased  by  their 
movement;  but  if  the  atoms  of  any  one  of  these 
minerals  became,  whilst  the  others  remained  flaid, 
united  into  crystals  or  granules,  it  is  easy  to  perceive  that 
from  the  lessened  friction,  their  sinking  or  floating  power 
would  be  greatly  increased.  On  the  other  hand,  if  all 
the  minerals  became  granulated  at  the  same  time,  it  is 
scarcely  possible,  from  their  mutual  resistance,  that  any 
separation  could  take  place.  A  valuable,  practical  dis- 
covery, illustrating  the  effect  of  the  granulation  of  one 
element  in  a  fluid  mass,  in  aiding  its  separation,  has 
lately  been  made :  when  lead  containing  a  small  pro- 
portion of  silver,  is  constantly  stirred  whilst  cooling,  it 
becomes  granulated,  and  the  grains  or  imperfect  crystals 
of  nearly  pure  lead  sinj:  to  the  bottom,  leaving  a 
residue  of  melted  metal  much  richer  in  silver ;  whereas 
if  the  mixture  be  left  undisturbed,  although  kept  fluid 
for  a  length  of  time,  the  two  metals  show  no  signs  of 
separating.*     The  sole  use  of  the  stirring  seems  to  be, 


'  A  full  and  interesting  account  of  this  discovery,  by  Mr. 
Pattinson,  was  read  before  the  British  Association  in  September, 
1838.  In  some  alloys,  according  to  Turner  ('Chemistry,' p.  210), 
the  heaviest  metal  sinks,  and  it  appears  that  this  takes  place  whilst 
both  metals  are  fluid.  Where  there  is  a  considerable  dilference  in 
gravity,  as  between  iron  and  the  slag  formed  during  the  fusion  of 
the  ore,  we  need  not  be  surprised  at. the  atoms  separating,  without 
•ither  substance  being  granulated, 
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the  formation  of  detached  granules.  The  specific 
gravity  of  silver  is  10*4,  and  of  lead  11 '35 :  the  granu- 
lated lead,  which  sinks,  is  never  absolutely  pure,  and 
the  residual  fluid  metal  contains,  when  richest,  only 
yf^  part  of  silver.  As  the  difference  in  specific  gravity, 
caused  by  the  different  proportions  of  the  two  metals, 
is  so  exceedingly  small,  the  separation  is  probably  aided 
in  a  great  degree  by  the  difference  in  gravity  between 
the  lead,  when  granular  though  still  hot,  and  when 
fluid. 

In  a  body  of  liquefied  volcanic  rock,  left  for  some 
time  without  any  violent  disturbance,  we  might  expect, 
in  accordance  with  the  above  facts,  that  if  one  of  the 
constituent  minerals  became  aggregated  into  crystals 
or  granules,  or  had  been  enveloped  in  this  state  from 
some  previously  existing  mass,  such  crystals  or  granules 
would  rise  or  sink,  according  to  their  specific  gravity. 
Now  we  have  plain  evidence  of  crystals  being  embedded 
in  many  lavas,  whilst  the  paste  or  basis  has  continued 
fluid.  I  need  only  refer,  as  instances,  to  the  several, 
great,  pseudo-porphyritic  streams  at  the  Galapagos 
Islands,  and  to  the  trachytic  streams  in  many  parts  of 
the  world,  in  which  we  find  crystals  of  feldspar  bent 
and  broken  by  the  movement  of  the  surrounding,  semi- 
fluid matter.  Lavas  are  chiefly  composed  of  three 
varieties  of  feldspar,  varying  in  specific  gravity  from 
2*4  to  2*74  :  of  hornblende  and  augite,  varying  from  30 
to  3'4 ;  of  olivine,  varying  from  3*3  to  3*4 ;  and  lastly, 
of  oxides  of  iron,  with  specific  gravities  from  4*8  to  5*2. 
Hence  crystals  of  feldspar,  enveloped  in  a  ma'-s  of 
liquefied,  but  not  highly  vesicular  lava,  would  tend  to 
rise  to  the  upper  parts ;  and  crystals  or  granules  of  the 
other  minerals,  thus  enveloped,  would  tend  to  sink. 
We  ought  not,  however,  to  expect  any  perfect  degree 
of    separation    in    such    viscid   materials.      Trachyte, 


1 36  Trachyte  and  Basalt.  pabt  l 

which  consists  chiefly  of  feldspar,  with  some  hornblende 
and  oxide  of  iron,  has  a  specific  gravity  of  about  2*45  ;  * 
whilst  basalt  composed  chiefly  of  augite  and  feldspar, 
often  with  much  iron  and  olivine,  has  a  gravity  of  about 
8*0.     Accordingly  we  find,  that  where  both  trachytic 
and  basaltic  streams  have  proceeded  from  the  same 
orifice,  the  trachytic  streams  have  generally  been  first 
erapted,  owing,  as  we  must  suppose,  to  the  molten  lava  of 
this  series  having  accumulated  in  the  upper  parts  of 
the  volcanic  focus.     This  order  of  eraption  has  been 
observed  by  Beudant,  Scrope,  and  by  other  authors; 
three  instances,  also,  have  been  given  in  this  volume. 
As  the  later  eruptions,  however,   from  most  volcanic 
mountains,  burst  through  their  basal  parts,  owing  to 
the  increased  height  and  weight  of  the  internal  column 
of  molten    rock,  we  see  why,  in  most  cases,  only  the 
lower  flanks  of  the  central,  trachytic  masses,  are  en- 
veloped  by   basaltic  streams.     The  separation   of  the 
ingredients  of  a  mass  of  lava  would,  perhaps,  sometimes 
take  place  within  the  body  of  a  volcanic  mountain,  if 
lofty  and  of  great  dimensions,  instead  of  within  the 
underground  focus;    in  which  case,  trachytic  streams 
might  be  poured  forth,  almost  contemporaneously,  or 
at  short    recurrent    internals,   from   its   summit,   and 
basaltic  streams  from  its  base ;  this  seems  to  have  taken 
place  at  Teneriffe.*    I  need  only  further  remark,  that 
from  violent  disturbances   the   separation   of  the   two 
series,    even    under    otherwise    favourable   conditions, 
would  naturally  often  be  prevented,  and  likewise  their 

*  Trachyte  from  Java,  was  found  by  Von  Buch  to  be  247;  from 
Auvergne,  by  De  la  Bethe,  it  was  242;  from  Ascension,  by  mjself, 
it  was  242.  Jameson  and  other  authors  give  to  bai^alt  a  sped  tic 
gravity  of  3*0 ;  bat  specimens  from  Auvergne  were  found,  by  De  la 
Beche,  to  be  only  2*78 ;  and  from  the  Giant's  Causeway,  to  be  2-91. 

'  Consult  Von  Buch's  well-known  and  admirable  DencripUim 
Phygiqus  of  this  island,  which  might  serve  as  a  model  of  descriptive 
geology. 
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usaal  order  of  eruption  be  inverted.  From  the  high 
degree  of  fluidity  of  most  basaltic  lavas,  these  perhaps, 
alone,  would  in  many  cases  reach  the  surface. 

As  we  have  seen  that  crystals  of  feldspar,  in  the 
instance  described  by  Von  Buch,  sink  in  obsidian,  in 
accordance  with  their  known  greater  specific  gravity, 
we  might  expect  to  find  in  every  trachytic  district, 
where  obsidian  has  flowed  as  lava,  that  it  had  proceeded 
from  the  upper  or  highest  orifices.  This,  according  to 
Von  Buch,  holds  good  in  a  remarkable  manner  both  at 
the  Lipari  Islands  and  on  the  Peak  of  Tenerifie;  at 
this  latter  place  obsidian  has  never  flowed  from  a  less 
height  than  9,200  feet.  Obsidian,  also,  appears  to  have 
been  erupted  from  the  loftiest  peaks  of  the  Peruvian 
Cordillera.  I  will  only  further  observe,  that  the  specific 
gravity  of  quartz  varies  from  2*6  to  2*8  ;  and  therefore, 
that  when  present  in  a  volcanic  focus,  it  would  not  tend 
to  sink  with  the  basaltic  bases ;  and  this,  perhaps, 
explains  the  frequent  presence,  and  the  abundance  of 
this  mineral,  in  the  lavas  of  the  trachytic  series,  as 
ob«erved  in  previous  parts  of  this  volume. 

An  objection  to  the  foregoing  theory,  will,  perhaps, 
be  drawn,  from  the  plutonic  rocks  not  being  separated 
into  two  evidently  distinct  series,  of  diflFerent  specific 
gravities ;  although,  like  the  volcanic,  they  have  been 
liquefied.  In  answer,  it  may  first  be  remarked,  that 
we  have  no  evidence  of  the  atoms  of  any  one  of  the 
constituent  minerals  in  the  plutonic  series  having  been 
aggregated,  whilst  the  others  remained  fluid,  which  we 
have  endeavoured  to  show  is  an  almost  necessary  con- 
dition of  their  separation ;  on  the  contrary,  the  crystals 
have  generally  impressed  each  other  with  their  forms.* 

'  The  crystalline  paste  of  phonolite  is  frequently  penetrated  by 
long  needles  of  hornblende ;  from  which  it  appears,  that  the  horn- 
blende, though  the  more  fusible  mineral,  has  crystaUised  before,  or 
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In  the  second  place,  the  perfect  tranquillity,  nnder 
which  it  is  probable  that  the  plutonic  masses,  buried  at 
profound  depths,  have  cooled,  would,  most  likely,  be 
highly  unfavourable  to  the  separation  of  their  consti- 
tuent minerals ;  for,  if  the  attractive  force,  which  during 
the  progressive  cooling  draws  together  the  molecules  of 
the  different  minerals,  has  power  sufficient  to  keep 
them  together,  the  friction  between  such  half-formed 
crystals  or  pasty  globules  would  effectually  prevent  the 
heavier  ones  from  sinking,  or  the  lighter  ones  from 
rising.  On  the  other  hand,  a  small  amount  of  disturb- 
ance, which  would  probably  occur  in  most  volcanic 
foci,  and  which  we  have  seen  does  not  prevent  the 
separation  of  granules  of  lead  from  a  mixture  of  molten 
lead  and  silver,  or  crystals  of  feldspar  from  streams  of 
lava,  by  breaking  and  dissolving  the  less  perfectly 
formed  globules,  would  permit  the  more  perfect  aud 
therefore  unbroken  crystals,  to  sink  or  rise,  according 
to  their  specific  gravity. 

Although  in  plutonic  rocks  two  distinct  species, 
corresponding  to  the  trachytic  and  basaltic  series,  do 
not  exist,  I  much  suspect,  that  a  certain  amount  of 
separation  of  their  constituent  parts  has  often  taken 
place.  I  suspect  this  from  having  observed  how  fre- 
quently dikes  of  greenstone  and  basalt  intersect  widely 

at  the  same  time  with  a  more  refractory  substance.  Phonolite,  as  far 
as  my  observations  serve,  in  every  instance  appears  to  be  an  injecttd 
rock,  like  those  of  the  plutonic  series ;  hence  probably,  like  these 
latter,  it  has  generally  been  cooled  without  repeated  and  violent  dis- 
turbances. Those  geologists  who  have  doubted  whether  granite 
could  have  been  formed  by  igneous  licjuefaction,  because  minerals 
of  different  degrees  of  fusibility  impress  each  other  with  their  forms, 
could  not  have  been  aware  of  the  fact  of  crystallised  hornblende 
penetrating  phonolite,  a  rock  undoubtedly  of  igneous  origin.  The 
viscidity,  which  it  is  now  known,  that  both  feldspar  and  quartz  retain 
at  a  temperature  much  below  thsir  points  of  fusion,  easily  explains 
their  mutual  impressment.  Consult  on  this  subject  Mr.  Horner's 
paper  on  Bonn,  *  Geolog.  Transact.'  vol.  iv.  p.  439 ;  and  *  L'Institut,' 
with  respect  to  quartz,  18B9,  p.  161. 
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extended  formations  of  granite  and  the  allied  meta- 
morphic  rocks.  I  have  never  examined  a  district  in 
an  extensive  granitic  region  without  discovering  dikes ; 
I  may  instance  the  numerous  trap-dikes,  in  several 
districts  of  Brazil,  Chile,  and  Australia,  and  at  the  Cape 
of  Good  Hope  :  many  dikes  likewise  occur  in  the  great 
granitic  tracts  of  India,  in  the  north  of  Europe,  and  in 
other  countries.  Whence,  then,  has  the  greenstone 
and  basalt,  forming  these  dykes,  come?  Are  we  to 
suppose,  like  some  of  the  elder  geologists,  that  a  zone 
of  trap  is  uniformly  spread  out  beneath  the  granitic 
series,  which  composes,  as  far  as  we  know,  the  founda- 
tions of  the  earth's  crust  ?  Is  it  not  more  probable,  that 
these  dikes  have  been  formed  by  fissures  penetrating 
into  partially  cooled  rocks  of  the  granitic  and  meta- 
morphic  series,  and  by  their  more  fluid  parts,  consisting 
chiefly  of  hornblende,  oozing  out,  and  being  sucked 
into  such  fissures  ?  At  Bahia,  in  Brazil,  in  a  district 
composed  of  gneiss  and  primitive  greenstone,  I  saw 
many  dikes,  of  a  dark  augitic  (for  one  cr}'8tal  certainly 
was  of  this  mineral)  or  hornblendic  rock,  which,  as 
several  appearances  clearly  proved,  either  had  been 
formed  before  the  surrounding  mass  had  become  solid, 
or  had  together  with  it  been  afterwards  thoroughly 
softened.'  On  both  sides  of  one  of  these  dikes,  the 
gneiss  was  penetrated,  to  the  distance  of  several  yards, 
by  numerous,  curvilinear  threads  or  streaks  of  dark 
matter,  which  resembled  in  form  clouds  of  the  class 
called  cirrhi-comao  ;  some  few  of  these  threads  could  be 
traced  to  their  junction  with  the  dike.     When  examin- 

*  Portions  of  these  dikes  have  been  broken  oflf,  and  are  now  sur- 
ronndcd  by  the  primary  rocks,  with  their  laminae  conformably  wind- 
ing round  them.  Dr.  Hubbard,  also  (*  Silliman's  Journal/  vol.  xxxiv 
p.  119).  has  described  an  interlacement  of  trap- veins  in  the  granite 
of  the  White  Mountains,  which  he  thinks  most  have  been  formed 
when  both  rocks  were  soft. 
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mg  them,  I  doabted  whetter  such  hair-like  and  curvili- 
near veins  could  have  been  injected,  and  I  now  suspect, 
that  instead  of  having  been  injected  from  the  dike, 
they  were  its  feeders.  If  the  foregoing  view  of  the 
origin  of  trap-dikes  in  widely  extended  granitic  regions 
far  from  rocks  of  any  other  formation,  be  admitted  as 
probable,  we  may  further  admit,  in  the  case  of  a  great 
body  of  plutonic  rock,  being  impelled  by  repeated 
movements  into  the  axis  of  a  mountain-chain,  that  its 
more  liquid  constituent  parts  might  drain  into  deep 
and  unseen  abysses ;  afterwards,  perhaps,  to  be  brought 
to  the  surface  under  the  form,  either  of  injected  masses 
of  greenstone  and  augitic  porphyry,*  or  of  basaltic 
eruptions.  Much  of  the  difficulty  which  geologists 
have  experienced,  when  they  have  compared  the  com- 
position of  volcanic  with  plutonic  formations,  will,  I 
think,  be  removed,  if  we  may  believe,  that  most  plutonic 
masses  have  been,  to  a  certain  extent,  drained  of  those 
comparatively  weighty  and  easily  liquefied  elements, 
which  compose  the  trappean  and  basaltic  series  of 
/ocks. 

On  the  distribution  of  volcanic  islands.  —  During 
my  investigations  on  coral-reefs,  I  had  occasion  to 
consult  the  works  of  many  voyagers,  and  I  was  invari- 
ably struck  with  the  fact,  that  with  rare  exceptions,  the 
innumerable  islands  scattered  throughout  the  Pacific, 
Indian,  and  Atlantic  Oceans,  were  composed  either  of 

'  Mr.  Phillips  (*Lardner's  Cyclopajdia/vol.  ii.  p.  115)  quotes  Von 
Buch's  statement,  that  augitic  porpliyry  ranges  parallel  to,  and  is 
fouud  constantly  at  the  base  of,  great  chains  of  mountains. 
Humboldt,  also,  has  remarked  the  fretjuent  occurrence  of  trap-rock, 
in  a  similar  position  ;  of  which  fact  I  have  observed  many  examples 
at  the  foot  of  the  Chilian  Cordillera.  The  existence  of  granite  in 
the  axes  of  great  mountain  chains  is  always  probable,  and  I  Sim 
tempted  to  suppose,  that  the  laterally  injected  maisses  of  augitio 
porphyry  and  of  trap,  bear  nearly  the  same  relation  to  the  granitio 
axes  which  basaltic  lavas  bear  to  the  central  trachytic  masses,  round 
the  flanks  of  which  they  have  so  frequently  been  erupted. 
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volcanic,  or  of  modem  coral  rocks.  It  would  be  tedious 
to  give  a  long  catalogue  of  all  the  volcanic  islands ;  but 
the  exceptions  which  I  have  found  are  easily  enumer- 
ated :  in  the  Atlantic,  we  have  St.  Paul's  Bock,  de« 
scribed  in  this  volume,  and  the  Falkland  Islands, 
composed  of  quartz  and  clayslate;  but  these  latter 
islands  are  of  considerable  size,  and  lie  not  very  far 
from  the  South  American  coast : '  in  the  Indian  Ocean, 
the  Seychelles  (situated  in  a  line  prolonged  from  Mada- 
gascar) consist  of  granite  and  quartz:  in  the  Pacific 
Ocean,  New  Caledonia,  an  island  of  large  size,  belongs 
(as  far  as  is  known)  to  the  primary  class.  New  Zealand, 
which  contains  much  volcanic  rock  and  some  active 
volcanos,  from  its  size  cannot  be  classed  with  the  small 
islands,  which  we  are  now  considering.  The  presence 
of  a  small  quantity  of  non-volcanic  rock,  as  of  clay-slate 
on  three  of  the  Azores,*  or  of  tertiary  limestone  at 
Madeira,  or  of  clay-slate  at  Chatham  Island  in  the 
Pacific,  or  of  lignite  at  Kerguelen  Land,  ought  not  to 
exclude  such  islands  or  archipelagos,  if  formed  chiefly 
of  erupted  matter,  from  the  volcanic  class. 

The  composition  of  the  numerous  islands  scattered 
through  the  great  oceans  being  with  such  rare  excep- 
tions volcanic,  is  evidently  an  extension  of  that  law, 
and  the  effect  of  those  same  causes,  whether  chemical 
or  mechanical,  from  which  it  results,  that  a  vast  majority 
of  the  volcanos  now  in  action  stand  either  as  islands 

'  Judging  from  Forster's  imperfect  observation,  perhaps  Qeorgia 
is  not  volcanic.  Dr.  Allan  is  my  informant  with  regard  to  the 
Seychelles.  I  do  not  know  of  what  formation  Rodriguez,  in  the 
Indian  Ocean,  is  composed. 

*  This  is  stated  on  the  authority  of  Count  V.  de  Bedemar,  with 
respect  to  Flores  and  Graciosa  (Charlsworth  *  Magazine  of  Nat.  Hist.* 
▼ol.  i.  p.  657).  8t.  Maria  has  no  volcanic  rock,  according  to  Captain 
Boyd  (Von  Buoh's  *  Descript.'  p.  365).  Chatham  Island  has  been 
described  by  Dr.  Dieffenbach,in  the  *  Geographical  Journal,'  1841,  p. 
201.  As  yet  we  have  received  only  imperfeot  notices  on  Kerguelen 
Land,  from  the  Antarctic  Expedition. 


142  The  Distribution  of  pabt  l 

in  the  sea,  or  near  its  shores.  This  fact  of  the  ocean- 
islands  being  so  generally  volcanic  is  also  interesting 
in  relation  to  the  nature  of  the  mountain-chains  on 
our  continents,  which  are  comparatively  seldom  vol- 
canic ;  and  yet  we  are  led  to  suppose  that  where  our 
continents  now  stand  an  ocean  once  extended.  Do 
volcanic  eruptions,  we  may  ask,  reach  the  surface  more 
readily  through  fissures  formed  during  the  first  stages 
of  the  conversion  of  the  bed  of  the  ocean  into  a  tract 
of  land  ? 

Looking  at  the  charts  of  the  numerous  volcanic 
archipelagos,  we  see  that  the  islands  are  generally 
arranged  either  in  single,  double,  or  triple  rows,  in 
lines  which  are  frequently  curved  in  a  slight  degree.* 
Each  separate  island  is  either  rounded,  or  more  gene- 
rally elongated  in  the  same  direction  with  the  group 
in  which  it  stands,  but  sometimes  transversely  to  it. 
Some  of  the  groups  which  are  not  much  elongated 
present  little  symmetry  in  their  forms  ;  M.  Virlet  * 
states  that  this  is  the  case  with  the  Grecian  Archi- 
pelago :  in  such  groups  I  suspect  (for  I  am  aware  how 
easy  it  is  to  deceive  oneself  on  these  points),  that  the 
vents  are  generally  arranged  on  one  line,  or  on  a  set 
of  short  parallel  lines,  intersecting  at  nearly  right 
angles  another  line,  or  set  of  lines.  The  Galapagos 
Archipelago  offers  an  example  of  this  structure,  for 
most  of  the  islands  and  the  chief  orifices  on  the  largest 
island  are  so  grouped  as  to  fall  on  a  set  of  lines  ranging 
about  NW.  by  N.,  and  on  another  set  ranging  about 
WSW. :  in  the  Canary  Archipelago  we  have  a  simpler 
structure  of  the  same  kind :    in    the  Cape  de  Verde 

'  Professors  William  and  Henry  DarwiL  Kogers  have  lately  in- 
Bisted  much,  in  a  memoir  read  before  the  American  Association,  on 
the  regularly  curved  lines  of  elevation  in  parts  of  the  AppjilachiiUi 
range. 

>  '  Bulletin  de  la  SoG  Q6olog.  torn  iii  p.  IIO 
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group,  which  appears  to  be  the  least  symmetrical  of 
any  oceanic  volcanic  archipelago,  a  NW.  and  SE. 
line  formed  by  several  islands,  if  prolonged,  would 
intersect  at  right  angles  a  curved  line,  on  which  the 
remaining  islands  are  placed. 

Von  Buch  *  has  classed  all  volcanos  under  two  heads, 
namely,  central  volcanos ^  round  which  numerous  erup- 
tions have  taken  place  on  all  sides,  in  a  manner  almost 
regular,  and  volcanic  chains.  In  the  examples  given 
of  the  first  class,  as  far  as  position  is  concerned,  I  can 
see  no  grounds  for  their  being  called  '  central ; '  and 
the  evidence  of  any  difference  in  mineralogical  nature 
between  central  volcanos  and  volcanic  chains  appears 
slight.  No  doubt  some  one  island  in  most  small 
volcanic  archipelagos  is  apt  to  be  considerably  higher 
than  the  others;  in  a  similar  manner,  whatever  the 
cause  may  be,  that  on  the  same  island  one  vent  is 
generally  higher  than  all  the  others.  Von  Buch  does 
not  include  in  his  class  of  volcanic  chains  small  archi- 
pelagos, in  which  the  islands  are  admitted  by  him,  as 
at  the  Azores,  to  be  arranged  in  lines;  but  when 
viewing  on  a  map  of  the  world  how  perfect  a  series 
exists  from  a  few  volcanic  islands  placed  in  a  row  to 
a  train  of  linear  archipelagos  following  each  other  in 
a  straight  line,  and  so  on  to  a  great  wall  like  the 
Cordillera  of  America,  it  is  difficult  to  believe  that 
there  exists  any  essential  difference  between  short  and 
long  volcanic  chains.  Von  Buch*  states  that  his 
volcanic  chains  surmount,  or  are  closely  connected 
with,  mountain-ranges  of  primary  formation:  but  if 
trains  of  linear  archipelagos  are,  in  the  course  of  time, 
by  the  long-continued  action  of  the  elevatory  and 
volcanic    forces,   converted    into    mountain-ranges,   it 

>  *  Description  des  Isles  Canaries/  p.  324. 
«  Idem,  p.  393. 
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would  naturally  result  that  the  inferior  primary  rocks 
would  often  be  uplifted  and  brought  into  view. 

Some  authors  have  remarked  that  volcanic  islands 
occur  scattered,  though  at  very  unequal  distances,  along 
the  shores  of  the  great  continents,  as  if  in  some  measure 
connected  with  them.  In  the  case  of  Juan  Fernandez, 
situated  380  miles  from  the  coast  of  Chile,  there  was 
undoubtedly  a  connection  between  the  volcanic  forces 
acting  under  this  island  and  under  the  continent,  as 
was  shown  during  the  earthquake  of  1835.  The 
islands,  moreover,  of  some  of  the  small  volcanic  groups 
which  thus  border  continents,  are  placed  in  lines,  re- 
lated to  those  along  which  the  adjoining  shoi*es  of 
the  continents  trend;  I  may  instance  the  lines  of 
intersection  at  the  Galapagos,  and  at  the  Cape  de 
Verde  Archipelagos,  and  the  best  marked  line  of  the 
Canary  Islands.  If  these  facts  be  not  merely  accidental, 
we  see  that  many  scattered  volcanic  islands  and  small 
groups  are  related  not  only  by  proximity,  but  in  the 
direction  of  the  fissures  of  eruption  to  the  neighbouring 
continents — a  relation,  which  Von  Bach  considers,  cha- 
racteristic of  his  great  volcanic  chains. 

In  volcanic  archipelagos,  the  orifices  are  seldom  in 
activity  on  more  than  one  island  at  a  time ;  and  the 
greater  eruptions  usually  recur  only  after  long  intervals. 
Observing  the  number  of  craters,  that  are  usually  found 
on  each  island  of  a  group,  and  the  vast  amount  of 
matter  which  has  been  erupted  from  them,  one  is  led 
to  attribute  a  high  antiquity  even  to  those  groups,  which 
appear,  like  the  Galapagos,  to  be  of  comparatively  recent 
origin.  This  conclusion  accords  with  the  prodigious 
amount  of  degradation,  by  the  slow  action  of  the  sea, 
which  their  originally  sloping  coasts  must  have  suffered, 
when  they  are  worn  back,  as  is  so  often  the  case,  into 
grand  precipices.     We  ought  not,  however  to  suppose, 
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in  hardly  any  instance,  that  the  whole  body  of  matter, 
forming  a  volcanic  island,  has  been  erupted  at  the 
level,  on  which  it  now  stands :  the  number  of  dikes^ 
which  seem  invariably  to  intersect  the  interior  parts  of 
every  volcano,  show,  on  the  principles  explained  by 
M.  Elie  de  Beaumont,  that  the  whole  mass  has  been 
uplifted  and  fissured.  A  connection,  moreover,  between 
volcanic  eruptions  and  contemporaneous  elevations  in 
mass  *  has,  I  think,  been  shown  to  exist,  in  my  work  on 
Coral  Reefs,  both  fix)m  the  frequent  presence  of  upraised 
organic  remains,  and  from  the  structure  of  the  accom- 
panying coral-reefs.  Finally,  I  may  remark,  that  in 
the  same  Archipelago,  eruptions  have  taken  place  within 
the  historical  period  on  more  than  one  of  the  parallel 
lines  of  fissure :  thus,  at  the  Galapagos  Archipelago, 
eruptions  have  taken  place  from  a  vent  on  Nar borough 
Island,  and  from  one  on  Albemarle  Island,  which  vents 
do  not  fall  on  the  same  line ;  at  the  Canary  Islands, 
eruptions  have  taken  place  in  Teneriffe  and  Lanzarote ; 
and  at  the  Azores,  on  the  three  parallel  lines  of  Pico, 
St.  Jorge,  and  Terceira.  Believing  that  a  mountain- 
axis  differs  essentially  from  a  volcano,  only  in  plutonic 
rocks  having  been  injected,  instead  of  volcanic  matter 
having  been  ejected,  this  appears  to  me  an  interesting 
circumstance ;  for  we  may  infer  from  it  as  probable, 
that  in  the  elevation  of  a  mountain-chain,  two  or  more 
of  the  parallel  lines  forming  it  may  be  upraised  and 
injected  within  the  same  geological  period. 

'  A  similar  conclusion  is  forced  on  us,  by  the  phenomena,  which 
accompanied  the  earthquake  of  1835,  at  Conception,  and  which  are 
detailed  in  my  paper  (vol.  ▼.  p.  601)  in  the  '  Qeological  Transactions.' 
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JTn)   Bovtk    Walei—Bandttant  formation — Emhedded  pimdo-frag- 

viattt  cf  ilu^ — ^To^fioalion, —  Citrrcnt-eUaxttgt —  Great  vallegt 
—  Van  Diemen't  Latii^Pataozoie  formation— Nenar  forniatian 
tfitk  Toleanie  rocks —  TVaverf in  witA  teara  of  extinct  piantt — 
Eieraiitm  of  the  land — New  Zealand — Siiig  George't  Soand — 
Bttjitrfioialfemigininti  bedt — Sujierjiaial  eaicaTcmu  defioiUt,  rtith 
eaeti  of  branckei^TAeir  orifiH  from  drafted  jiarticUl  of  ihelU  and 
eoTolt — Theirexten' — Caj/eofOnod  Hope — Jtmctu/n  of  the  granite 
and  elay-ilate — Satidttoiieformatiot. 

The  Beagle,  in  her  homeward  voyage,  touched  at  New 
Zealand,  Australia,  Van  Diemen's  Land,  and  the  Cape 
of  Good  Hope.  In  order  to  confioe  the  Second  Part  of 
these  Geological  Observations  to  South  America,  I  will 
here  briefly  describe  all  that  I  observed  at  these  placcH 
worthy  of  the  attention  of  geologists. 

New  Soatk  Wales. — My  opportunities  of  observa- 
tion consisted  of  a  ride  of  ninety  geographical  miles  to 
Bathurst,  in  a  WNW.  direction  from  Sydney.  The 
first  thirty  miles  from  the  coast  passes  over  a  sandstone 
country,  broken  up  in  many  places  by  trap-rocks,  and 
separated  by  a  bold  escarpment  overhanging  the  river 
Ncpean,  from  the  great  sandKtone  platform  of  the  Blue 
Mountains,  This  upper  platform  is  1,000  feet  high  at 
the  edge  of  the  escarpment,  and  rises  in  a  distance  of 
twenty-five  miles  to  between  3,000  and  4,000  feet  above 
the  level  of  the  sea.  At  this  distance  the  road  descends 
to  a  country  rather  less  elevated,  and  composed  in  chief 
part  of  primary  rocks.  There  is  much  granite,  in  one 
part    passing   into   a   red    porphyry    with    octagonal 
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crystals  of  quartz,  and  intersected  in  some  places  by 
trap-dikes.  Near  the  Downs  of  Bathurst  I  passed  over 
much  pale-brown,  glossy  clay-slate,  with  the  shattered 
lamina)  running  north  and  south :  I  mention  this  fact, 
because  Captain  King  informs  me  that,  in  the  country 
a  hundred  miles  southward,  near  Lake  George,  tlie 
mica-slate  ranges  so  invariably  north  and  south  that 
the  inhabitants  take  advantage  of  it  in  finding  their 
way  through  the  forests. 

The  sandstone  of  the  Blue  Mountains  is  at  least 
1,200  feet  thick,  and  in  some  parts  is  apparently  of 
greater  thickness ;  it  consists  of  small  grains  of  quartz^ 
cemented  by  white  earthy  matter,  and  it  abounds  with 
ferruginous  veins.  The  lower  beds  sometimes  alternate 
with  shales  and  coal :  at  Wolgan  I  found  in  carbona-^ 
ceous  shale  leaves  of  the  Glossopteris  Browniiy  a  fern 
which  so  frequently  accompanies  the  coal  of  Australia. 
The  sandstone  contains  pebbles  of  quartz ;  and  these 
generally  increase  in  number  and  size  (seldom,  however, 
exceeding  an  inch  or  two  in  diameter)  in  the  upper 
beds :  I  observed  a  similar  circumstance  in  the  grand 
sandstone  formation  at  the  Cape  of  Good  Hope.  On 
the  South  American  coast,  where  tertiary  aud  supra- 
tertiary  beds  have  been  extensively  elevated,  I  re* 
peatedly  noticed  that  the  uppermost  beds  were  formed 
of  coarser  materials  than  the  lower :  this  appears  to 
indicate  that,  as  the  sea  became  shallower,  the  force  of 
the  waves  or  currents  increased.  On  the  lower  plat* 
form,  however,  between  the  Blue  Mountains  and  the 
coast,  I  observed  that  the  upper  beds  of  the  sandstone 
frequently  passed  into  argillaceous  shale, — the  efiect, 
probably,  of  this  lower  space  having  been  protected 
from  strong  currents  during  its  elevation.  The  sand- 
stone of  the  Blue  Mountains  evidently  having  been  of 
mechanical  origin^  and  not  having  suSeied  any  meta- 
11 
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morphia  action,  I  wbs  Hnrprised  at  obseiring  tliat,  in 
Bome  specimens,  nearly  all  the  grains  of  quartz  were  so 
perfectly  crystallised  with  brilliant  facets  that  they 
evidently  had  not  in  tiieir  jfreeffni  form  been  aggregated 
in  any  previously  eziBting  rock.'  It  is  difficult  to 
imagine  how  these  crystals  could  have  been  formed ; 
one  can  hardly  believe  that  they  were  separately  pre- 
cipitated in  their  present  crystallised  state.  Is  it 
possible  that  ronnded  grains  of  qoartz  may  have  been 
acted  on  by  a  fluid  corroding  their  surfaces,  and  de- 
positing on  them  fresh  silica  P  I  may  remark  that,  in 
the  sandstone  formation  of  the  Cape  of  Good  Hope,  it 
is  evident  that  silica  has  been  profusely  deposited  from 
aqaeons  solntion. 

Id  several  parts  of  the  sandstone  I  noticed  patches 
of  shale  which  might  at  the  first  glance  have  been 
mistaken  for  extraneous  fragments;  their  horizontal 
lamime,  however,  being  parallel  with  those  of  the 
sandstone,  showed  that  they  were  the  reninaiits  of  thin, 
continuoas  beds.  One  such  fragment  (probably  the 
section  of  a  long  narrow  strip)  seen  in  the  face  of  a  cliff, 
was  of  greater  vertical  thickness  than  breadth,  which 
proves  that  this  bed  of  shale  must  have  been  in  some 
slight  degree  consolidated,  alter  having  been  deposited, 
and  before  being  worn  away  by  the  currents.  Each 
patch  of  the  shale  shows,  also,  how  slowly  many  of  the 
Bncceeaive  layers  of  sandstone  were  deposited.  These 
pseudo-fragments  of  shale  will  perhaps  explain,  in  some 
cases,  the  origin  of  apparently  extraneous  fragments  in 

<  I  have  latel;  seen,  in  a  papei  bj  Smith  (the  father  of  English 
geologiBts).  )u  tlie  *  Magazine  of  Natural  Historj','  tbat  the  graicg  of 
quartz  in  Iha  miltstone  grit  of  Bngland  are  often  ciystallised.  tjil 
David  Brewiter.  in  a  paper  read  beforetheBritiah  Aesociation,  1840, 
•tates,  tbat  in  old  deoomposed  glass,  tbe  silex  and  metals  separata 
into  concentric  rings,  and  tbat  tbe  silez  regains  itscrTstoUinestnio* 
tsre,  as  is  shown  t^  its  action  on  llfj^t. 
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crystalline  metamorphic  rocks.  I  mention  this,  because 
I  found  near  Rio  de  Janeiro  a  well-defined  angular 
fragment,  seven  yards  long  by  two  yards  in  breadth,  of 
gneiss  containing  garnets  and  mica  in  layers,  enclosed 
in  the  ordinary,  stratified,  porphyritic  gneiss  of  the 
country.  The  laminsB  of  the  fragment  and  of  the  sur- 
rounding matrix  ran  in  exactly  the  same  direction,  but 
they  dipped  at  different  angles.  I  do  not  wish  to 
affirm  that  this  singular  fragment  (a  solitary  case,  as 
far  as  I  know)  was  originally  deposited  in  a  layer,  like 
the  shale  in  the  Blue  Mountains,  between  the  strata  of 
the  porphyritic  gneiss,  before  they  were  metamorphosed ; 
but  there  is  sufficient  analogy  between  the  two  cases  to 
render  such  an  explanation  possible. 

Stratification  of  the  escarpment, — The  strata  of 
the  Blue  Mountains  appear  to  the  eye  horizontal ;  but 
they  probably  have  a  similar  inclination  with  the  sur- 
face of  the  platform,  which  slopes  from  the  west  to- 
wards the  escarpment  over  the  Nepean,  at  an  angle  of 
one  degree,  or  of  one  hundred  feet  in  a  mile.*  The 
strata  of  the  escarpment  dip  almost  conformably  with 
its  steeply  inclined  face,  and  with  so  much  regularity, 
that  they  appear  as  if  thrown  into  their  present  position ; 
but  on  a  more  careful  examination,  they  are  seen  to 
thicken  and  to  thin  out,  and  in  the  upper  part  to  be 
succeeded  and  almost  capped  by  horizontal  beds.  These 
appearances  render  it  probable,  that  we  here  see  an 
original  escarpment,  not  formed  by  the  sea  having 
eaten  back  into  the  strata,  but  by  the  strata  having 
originally  extended  only  thus  far.  Those  who  have 
been  in  the  habit  of  examining  accurate  charts  of  sea- 
coasts,  where  sediment  is  accumulating,  will  be  aware, 
that  the  surfaces  of  the  banks  thus  formed,  generally 

>  This  is  stated  on  the  authority  of  Sir  T.  Mitchell,  in  hli 
•  Travels/  voL  ii.  p.  867. 
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slope  from  the  coast  very  genti;  towards  a  certain  line 
in  the  offing,  bejond  which  the  depth  in  most  coses  sud- 
denly becomes  great.  I  may  instaoce  the  great  banks 
of  sediment  within  the  West  Indian  Archipelago,' 
which  terminate  in  snbmarioe'Blopes,  inclined  at  atigloa 
of  between  30  and  40  degrees,  and  sometimes  even  at 
more  than  40  degrees :  every  one  knows  how  steep  such 
a  slope  woald  appear  on  the  land.  Banks  of  this  nature, 
if  nplifted,  would  probably  have  nearly  the  same  ex- 
ternal form  aa  the  platform  of  the  Blue  MouutaiDS, 
where  it  abruptly  terminates  over  the  Nepean. 

Ourrsni  deavage. — ^Th«  strata  of  sandstone  in  the 
low  coast  conntry,  and  likewise  on  the  Blue  Mountains, 
are  often  divided  by  cross  or  current  laminae,  whiih 
dip  in  different  directions,  and  frequently  at  an  an^le 
of  forty-five  degrees.  Most  authors  have  attributi'd 
these  cross  layers  to  successive  small  accumulutions  on 
an  inclined  surface;  but  from  a  careful  examination  in 
some  parts  of  the  New  Red  sandstone  of  England,  I 
believe  that  such  layers  generally  form  parts  of  a  series 
of  curves,  like  gigantic  tidal  ripplea,  the  tops  of  which 
have  since  been  cut  off,  either  by  nearly  hori//)iital 
layers,  or  by  another  set  of  great  ripples,  the  folds  of 
which  do  not  exactly  coincide  with  those  below  them. 
It  is  well  known  to  surveyors  that  mud  and  sand  are  dis- 
turbed during  storms  at  considerable  depths,  at  least  from 
300  to  450  feet,*  so  that  the  nature  of  the  bottom  even 
becomes  temporarily  changed;  the  bottom,  also,  at  a 

'  I  have  described  Iheae  very  cnrlon*  banks  in  the  AppcnilJi 
<2nd  G'lit.  p,  236}  to  mj  Tolume  on  the  atnicture  of  Coral  Riitfs  I 
have  Bscertained  the  incliDatioa  of  the  edges  of  the  banks,  from 
information  given  me  by  Caplain  B.  Allen, oneof  thesurvejors.aiid 
by  carefully  measuring  the  horiiontal  distances  betrecen  liie  l;iBt 
■onnding  on  the  bank  and  the  Srat  in  ihe  deep  water.  Widely  eit- 
tended  banks  in  all  parts  of  the  West  Indies  have  the  same  ^cneraJ 
lorm  of  surfaco. 

■  Soandings  in  tbe  British  Channel.'pp.  i 
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depth  between  60  and  70  feet,  has  been  observed '  to  be 
broadly  rippled.  One  may,  therefore,  be  allowed  to 
suspect,  from  the  appearances  just  mentioned  in  the 
New  Red  sandstone,  that  at  greater  depths,  the  bed  of 
th(j  ocean  is  heaped  up  during  gales  into  great  ripple- 
like furrows  and  depressions,  which  are  afterwards  cut 
off  by  the  currents  during  more  tranquil  weather,  and 
again  furrowed  during  gales. 

Valleys  in  the  saruldone  platforms. — ^The  grand 
valleys,  by  which  the  Blue  Mountains  and  the  other 
sandstone  platforms  of  this  part  of  Australia  are  pene- 
trated, and  which  long  offered  an  insuperable  obstacle 
to  the  attempts  of  the  most  enterprising  colonist  to 
reach  the  interior  country,  form  the  most  striking 
feature  in  the  geology  of  New  South  Wales.  They  are 
of  gTJtnd  dimensions,  and  are  bordered  by  continuous 
lines  of  lofty  cliffs.  It  is  not  easy  to  conceive  a  more 
Tuagni6cent  spectacle,  than  is  presented  to  a  pei*son 
walking  on  the  summit-plains,  when  without  any  notice 
he  arrives  at  the  brink  of  one  of  these  cliffs,  which  are 
so  perpendicular,  that  he  can  strike  with  a  stone  (as  I 
have  tried)  the  trees  growing,  at  the  depth  of  between 
1,000  and  1,500  feet  below  him  ;  on  both  hands  he  sees 
headland  beyond  headland  of  the  receding  line  of  cliff, 
and  on  the  opposite  side  of  the  valley,  often  at  the 
distance  of  several  miles,  he  beholds  another  line  rising 
up  to  the  same  height  with  that  on  which  he  stands, 
and  formed  of  the  same  horizontal  strata  of  pale  sand- 
stone. The  bottoms  of  these  valleys  are  moderately  level, 
and  the  fall  of  the  rivers  flowing  in  them,  according  to 
Sir  T.  Mitchell,  is  gentle.  The  main  valleys  often  send 
into  the  platform  great  bay-like  arms,  which  expand  at 
their  upper  ends;  and  on  the  other  hand,  the  platform 

»  ^I.  Siau  on  the  *  Action  of  V/aYes  : '  •  Edin.  New  Phil.  Jonrn. 
vol.  xxxi.  p.  245. 
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often  sends  promontorieB  into  the  valley,  and  even 
leaves  in  them  great,  almost  insulated,  masses.  So 
continuoQs  are  the  bounding  lines  of  clifi*,  that  to 
descend  into  some  of  these  valleys,  it  is  necessary  to  go 
round  twenty  miles ;  and  into  others,  the  surveyors 
have  only  lately  penetrated,  and  the  colonists  have  not 
yet  been  able  to  drive  in  their  cattle.  But  the  most 
remarkable  point  of  stmcture  in  these  valleys,  is,  that 
although  several  miles  wide  in  their  upper  parts,  they 
generally  contract  towards  their  months  to  such  a  degree 
as  to  become  impassable.  The  Surveyor-General,  Sir 
T.  Mitchell,'  in  vain  endeavoured,  first  on  foot  and  then 
by  crawling  between  the  great  fallen  fragments  of  sand- 
stone, to  ascend  through  the  gorge  by  which  the  river 
Grose  joins  the  Nepean ;  yet  the  valley  of  the  Grose  in 
its  upper  part,  as  I  saw,  forms  a  magnlficeut  basin  some 
miles  in  width,  and  is  on  all  sides  surrounded  by  cliiis, 
the  summits  of  which  are  believed  to  be  nowhere  less 
than  3,000  feet  above  the  level  of  the  sea.  When  cattle 
are  driven  into  the  valley  of  the  Wolgau  by  a  path 
(which  I  descended)  partly  cut  by  the  colonists,  they 
cannot  escape ;  for  this  valley  is  in  every  other  part 
surrounded  by  perpendicular  cliffs,  and  eight  miles 
lower  down,  it  contracts,  from  an  average  width  of  h.-ilf 
a  mile,  to  a  mere  chasm  impassable  to  man  or  beast. 
Sir  T.  Mitchell  *  states,  that  the  great  valley  of  the  Cox 
river  with  all  its  branches  contracts,  where  it  unites 
with  the  Nepean,  into  a  gorge  2,200  yards  wide,  and 
about  1,000  feet  in  depth.  Other  similar  cases  might 
have  been  added. 

The  first  impression,  from  seeing  the  cori'Cspondence 

'  ■  Travels  in  Australia,'  vol.  i.  p.  154.— 1  mustesiiresamy  oliljini. 
tion  lo  Sir  T,  MitclitU.  fur  several  intereating  porsorjal  comniunica- 
lions  on  the  subject  i>f  these  great  Tolleja  of  New  South  Wa!e& 

■  •  Idem,'  voL  ii.  p.  858. 
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of  the  horizontal  strata,  on  each  side  of  these  yalleys 
and  great  amphitheatre-like  depressions,  is  that  they 
have  been  in  chief  part  hollowed  out,  like  other 
valleys,  by  aqaeous  erosion ;  but  when  one  reflects  on 
the  enormous  amount  of  stone,  which  on  this  view 
must  have  been  removed,  in  most  of  the  above  cases 
through  mere  gorges  or  chasms,  one  is  led  to  ask 
whether  these  spaces  may  not  have  subsided.  But  con- 
sidering the  form  of  the  irregularly  branching  valleys, 
and  of  the  narrow  promontories,  projecting  into  thepi 
from  the  platforms,  we  are  compelled  to  abandon  this 
notion.  To  attribute  these  hollows  to  alluvial  action, 
would  be  preposterous;  nor  does  the  drainage  from 
the  summit-level  always  fall,  as  I  remarked  near 
the  Weatherboard,  into  the  head  of  these  valleys,  but 
into  one  side  of  their  bay-like  recesses.  Some  of  the 
inhabitants  remarked  to  me,  that  they  never  viewed 
one  of  these  bay-like  recesses,  with  the  headlands  re- 
ceding on  both  hands,  without  being  struck  with  their 
resemblance  to  a  bold  sea-coast.  This  is  certainly  the 
case ;  moreover,  the  numerous  fine  harbours,  with  theii 
widely  branching  arms,  on  the  present  coast  of  New 
South  Wales,  which  are  generally  connected  with  the 
sea  by  a  narrow  month,  from  one  mile  to  a  quarter  of  t» 
mile  in  width,  passing  through  the  sandstone  coast-cliffs, 
present  a  likeness,  though  on  a  miniature  scale,  to  the 
great  valleys  of  the  interior.  But  then  immediately 
occurs  the  startling  difficulty,  why  has  the  sea  worn  out 
these  great,  though  circumscribed,  depressions  on  a 
wide  platform,  and  left  mere  gorges,  through  which 
the  whole  vast  amount  of  triturated  matter  must  have 
been  carried  away?  The  only  light  I  can  throw  on 
this  enigma,  is  by  showing  that  banks  appear  to  be 
forming  in  some  seas  of  the  most  irregular  forms,  and 
that  the  sides  of  such  banks  are  so  steep  (as  before 
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Etated)  that  a  comparatively  small  amount  of  subse- 
quent erosion  would  form  them  into  cliSa:  that  ths 
waves  have  power  to  form  high  and  precipitous  cliQs, 
even  in  land-locked  harbours,  I  hare  observed  in  many 
parts  of  South  America.  In  the  Bed  Sea,  banks  with 
an  extremely  irregular  outline  and  composed  of  sedi- 
ment, are  penetrated  by  the  most  singularly  shaped 
creeks  with  narrow  mouths :  this  is  likewise  the  case, 
though  on  a  larger  scale,  with  the  Bahama  Banks. 
Such  banks,  I  have  been  led  to  suppose,'  have  been 
fonned  by  currents  heaping  sediment  on  an  irregular 
bottom.  That  in  some  cases,  the  sea,  instead  of  spread- 
ing oat  sediment  in  a  uniform  sheet,  heaps  it  round 
submarine  rocks  and  islands,  it  is  hardly  possible  to 
doubt,  after  haying  examined  the  charts  of  the  West 
Indies.  -  To  apply  these  ideas  to  the  sandstone  plat- 
forms of  New  South  Wales,  I  imagine  that  the  strata 
might  have  been  heaped  on  an  irregular  bottom  by  the 
action  of  strong  currents,  and  of  the  undulations  of  an 
open  sea ;  and  that  the  valley-Uke  spaces  thus  left  un- 
filled might,  during  a  slow  elevation  of  the  land,  have 
had  their  steeply  sloping  flanks  worn  into  cliffs;  the 
worn-down  sandstone  being  removed,  either  at  the  time 
when  the  narrow  gorges  were  cut  by  the  retreating  sea, 
or  subsequently  by  alluvial  action. 


Yaii  Biemen's  Land. 
The  southern  part  of  this  island  is  mainly  formed  of 
mountains  of  greenstone,  which  often  assumes  a  syeuitic 

•  See  the  '  Appendix '  (2nd  edit.  pp.  251  and  255)  to  the  '  Tnrt 
on  Coral  Rccfii.'  Tlie  fact  of  the  sea  heaping  np  mud  round  a  buIi- 
Diarine  nucleus,  la  worthy  of  tha  notice  of  geologists  :  for  outtajera 
of  tlie  same  composition  with  the  conat-banba  are  thus  formed  ;  and 
these,  il  upheaved  and  worn  into  clilfB,  would  naturally  be  thought 
to  have  been  onco  cooneoted  together. 
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character,  and  contains  much  hypersthene.  These  moun- 
tains, in  their  lower  half,  are  generally  encased  by  strata 
containing  numerous  small  coralt?  and  some  shells. 
These  shells  have  leen  examined  by  Mr.  G.  B.  Sowerby, 
and  are  described  in  the  Appendix :  they  consist  of  two 
species  of  Product  a,  and  of  six  of  Spirifera;  two  of 
these,  namely,  P.  rugata  and  S,  rotundata,  resemble, 
as  far  as  their  imperfect  condition  allows  of  comparison, 
Briti;jh  mountain-limestone  shells.  Mr.  Lonsdale  has 
had  the  kindness  to  examine  the  corals ;  they  consist 
of  six  un described  species,  belonging  to  three  genera. 
Species  of  these  genera  occur  in  the  Silurian,  Devonian, 
and  Carboniferous  strata  of  Europe.  Mr.  Lonsdale 
remarks,  that  all  these  fossils  have  undoubtedly  a 
Palaeozoic  character,  and  that  probably  they  cori'espond 
in  age  to  a  division  of  the  system  above  the  Silurian 
formations. 

The  strata  containing  these  remains  are  singular 
from  the  extreme  variability  of  their  mineralogical 
composition.  Every  intermediate  form  is  present, 
between  flinty-slate,  clay-slate  passing  into  gray-wacke, 
pure  limestone,  sandstone,  and  porcellanic  rock;  and 
some  of  the  beds  can  only  be  described  as  composed 
of  a  siliceo-calcareo-clayslate.  The  formation,  as  far 
as  I  could  judge,  is  at  least  a  thousand  feet  in  thick- 
ness :  the  upper  few  hundred  feet  usually  consist  of  a 
siliceous  sandstone,  containing  pebbles  and  no  organic 
remains ;  the  inferior  strata,  of  which  a  pale  flinty  slate 
is  perhaps  the  most  abundant,  are  the  most  variable ; 
and  these  chiefly  abound  with  the  remains.  Between 
two  beds  of  hard  crystalline  limestone,  near  Newtown, 
a  layer  of  white  soft  calcareous  matter  is  quarried,  and 
is  used  for  whitewashing  houses.  From  information 
given  to  me  by  Mr.  Frankland,  the  Surveyor-General, 
it  appears  that  this  Palaeozoic  formation  is  found  in 
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diETerent  parts  of  the  whole  island;  from  the  s&ine 
authority,  I  may  add,  that  on  the  north-eastern  coast  and 
in  Bass'  Straita  primary  rocks  extensively  occnr. 

The  shores  of  Storm  Bay  are  skirted,  to  tlie  height 
of  a  ieiw  hundred  feet,  by  strata  of  sandstone,  contain- 
ing pebbles  of  the  formation  just  described,  with  its 
characteristic  fossils,  and  therefore  belonging  to  a  sub- 
sequent age.  Those  strata  of  sandstone  often  pass  into 
shale,  and  alternate  with  layers  of  irnpm^  coal ;  they 
have  in  many  places  been  violently  disturbed.  Near 
Hobart  Town,  I  observed  one  dike,  nearly  a  hundred 
yards  in  width,  on  one  side  of  which  the  strata  were 
tilted  at  an  angle  of  6(P,  and  on  the  other  they  were 
in  some  parts  vertical,  and  had  been  altered  by  the 
effects  of  the  heat.  On  the  west  side  of  Storm  Bay,  I 
found  these  strata  capped  by  streams  of  basaltic  lava 
with  olivine ;  and  close  by  there  was  a  mass  of  brecci- 
ated  scoriae,  containing  pebbles  of  lava,  which  probably 
marks  the  place  of  an  ancient  submarine  crater.  Two 
of  these  streams  of  basalt  were  separated  from  each 
other  by  a  layer  of  argillaceous  wacke,  which  could  be 
traced  passing  into  partially  altered  scorise.  The 
wacke  contained  numerous  rounded  grains  of  a  soft, 
grass-green  mineral,  with  a  waxy  lustre,  and  translu- 
cent on  its  edges :  under  the  blowpipe  it  instantly 
blackened,  and  the  points  fused  into  a  strongly  magnetic, 
black  enamel.  In  these  characters,  it  resembles  those 
masses  of  decomposed  olivine,  described  at  St.  Jago  in 
the  Cape  de  Verde  group  ;  and  I  should  have  thought 
that  it  had  thus  originated,  had  I  not  found  a  similar 
substance,  in  cylindrical  threads,  within  the  cells  of  the 
vesicular  basalt, — a  state  under  which  olivine  never 
appears  ;  this  substance,'  I  believe,  would  be  classed  aa 
bole  by  mineralogists. 

■  CblOTOphxlte,  described  \ij  Dr.  UaoCnlloch  ('  Westeni  JslaudB,' 
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Travertin  with  extinct  plants, — Behind  Hobart 
Town  there  is  a  small  quarry  of  a  hard  travertin,  the 
lower  strata  of  which  abound  with  distinct  impressions 
of  leaves.  Mr.  Robert  Brown  had  the  kindness  to 
look  at  my  specimens,  and  he  informed  me  that  there 
are  four  or  five  kinds,  none  of  which  he  recognises  as 
belonging  to  existing  species.  The  most  remarkable 
leaf  is  palmate,  like  that  of  a  fan-palm,  and  no  plant 
having  leaves  of  this  structure  has  hitherto  been  dis- 
covered in  Van  Diemen's  Land.  The  other  leaves  do 
not  resemble  the  most  usual  form  of  the  Eucalyptus, 
(of  which  tribe  the  existing  forests  are  chiefly  com- 
posed,) nor  do  they  resemble  that  class  of  exceptions  to 
the  common  form  of  the  leaves  of  the  Eucalyptus,  which 
occur  in  this  island.  The  travertin  containing  this 
remnant  of  a  lost  vegetation,  is  of  a  pale  yellow  colour, 
hard,  and  in  parts  even  crystalline ;  but  not  compact, 
and  is  everywhere  penetrated  by  minute,  tortuous, 
cylindrical  pores.  It  contains  a  very  few  pebbles  of 
quartz,  and  occasionally  layers  of  chalcedonic  nodules, 
like  those  of  chert  in  our  Grecnsand.  From  the  pure- 
ness  of  this  calcareous  rock,  it  has  been  searched  for  in 
other  places,  but  has  never  been  found.  From  this 
circumstance,  and  from  the  character  of  the  deposit,  it 
was  probably  formed  by  a  calcareous  spring  entering  a 
small  pool  or  naiTOw  creek.  The  strata  have  subse- 
quently been  tilted  and  fissured ;  and  the  surface  has 
been  covered  by  a  singular  mass,  with  which,  also,  a 
large  fissure  has  been  filled  up,  formed  of  balls  of  trap 
embedded  in  a  mixture  of  wacke  and  a  white,  earthy, 
alumino^calcareous  substance.     Hence  it  would  appear, 

vol.  i.  p.  504)  as  occnrring  in  a  basaltic  amygdaloid,  differs  from  this 
substanoe,  in  remaining  unchanged  before  the  blowpipe,  and  in 
blackening  from  exposure  to  the  air.  May  we  suppose  that  olivine, 
in  undergoing  the  remarkable  change  described  at  St.  Jago,  pat^ses 
Uiioogh  sevenl  states  ? 
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as  if  B  volcanic  eruption  had  taken  place  on  the  Ixirdera 
of  the  pool,  in  which  the  calcareous  matter  was  deposit- 
in^,  and  had  broken  it  up  and  drained  it. 

Elevation  of  fAa  land. — Both  the  eastern  and 
western  shores  of  the  bay,  in  the  neighbourhood  of 
Hobart  Town,  are  in  most  parts  covered  to  the  height 
of  thirty  feet  above  the  level  of  high-water  mark,  with 
broken  shells,  mingled  with  pebbles.  The  colonists 
attribute  thr^se  Bhells  to  the  aborigines  having  carried 
them  np  for  food :  undoubtedly,  there  are  many  large 
mounds,  as  was  pointed  out  to  me  by  Mr.  Frankland, 
which  have  been  thus  formed;  but  I  think  from  the 
numbers  of  the  shells,  from  their  frequent  small  size, 
from  the  manner  in  which  they  are  thinly  scattered, 
and  from  some  appearances  in  the  form  of  the  land, 
that  we  must  attribute  the  presence  of  the  greater 
number  to  a  small  elevation  of  the  lund.  On  the  shore 
of  Ralph  Bay  (opening  into  Storm  Bay)  I  observed  a 
continuous  beach  about  fifteen  feet  above  high-water 
mark,  clothed  with  vegetation,  and  by  digging  into  it, 
pebbles  encrusted  with  Sorpulie  were  found  :  along  the 
banks,  also,  of  the  river  Denvent,  I  found  a  bed  of 
broken  sea  shells  above  the  surface  of  tlie  river,  mid  at 
a  point  where  the  water  is  now  much  too  fresh  for  sen- 
shells  to  live ;  but  in  both  these  cases,  it  is  just  possible, 
that  before  certain  spita  of  sand  and  banks  of  mud  in 
Storm  Bay  were  accumulated,  the  tides  might  have 
risen  to  the  height  where  we  now  find  the  shells.' 

'  It  irnulil  appo.ir  that  some  ctianfres  are  now  in  progress  in  lialph 
Hay,  for  I  was  asflured  by  an  inollijient  farmer,  tli.it  ojsters  were 
formerly  abundant  in  it, but  tiiat  aboul  the  jam  1^34  Ihcy  had,  with< 
out  any  apparent  cause,  ciiaappeared.  In  tbe  '  Transactions  of  tbe 
lliiryhmd  Acailemj'  (vol.  i.  part  i.  p.  28),  there  is  nn  account  by  Jlr. 
Di'Cittel,  of  vaM  beds  of  oysters  and  clams  having  been  deslnntd  by 
theuriirliiiiinilini:uportlies)inll<)wlag.ionsand<;hiinni'L-<,ontliDsborc« 
of  the  sonlhem  United  States.  At  Chiino,  in  Soulli  Amciicji,  1  heard 
of  a  aiiuilar  Iosr,  gnsl&incd  bi  the  inliabitauts,  In  the  disappcarono* 
trom  one  pan  of  the  coast  of  an  edible  ipecies  of  Asci<li&. 


CHAP.  Til.         Elevation  of  the  Land.  1 59 

Evidence  more  or  less  distinct  of  a  change  of  level 
between  the  land  and  water,  has  been  detected  on 
almost  all  the  land  on  this  side  of  the  globe.  Gapt. 
Grey,  and  other  travellers,  have  found  in  Bouthern 
Australia  upraised  shells,  belonging  either  to  the  recent, 
or  to  a  late  tertiary  period.  The  French  naturalists 
in  Baudin's  expedition,  found  shells  similarly  circum- 
stanced on  the  S.W.  coast  of  Australia.  The  Rev.  W.  B. 
Clarke  *  finds  proofs  of  the  elevation  of  the  land,  to  the 
amount  of  400  feet,  at  the  Cape  of  Good  Hope.  In  the 
neighbourhood  of  the  Bay  of  Islands  in  New  Zealand,' 
I  observed  that  the  shores  were  scattered  to  some  height, 
as  at  Van  Diemen's  Land,  with  sea-shells,  which  the 
colonists  attribute  to  the  natives.  Whatever  may  have 
been  the  origin  of  these  shells,  I  cannot  doubt,  after 
having  seen  a  section  of  the  valley  of  the  Thames  River 
(37°  S.),  drawn  by  the  Rev.  W.  Williams,  that  the  land 
has  been  there  elevated  :  on  the  opposite  sides  of  this 
great  valley,  three  step-like  terraces,  composed  of  an 
enormous  accumulation  of  rounded  pebbles,  exactly 
correspond  with  each  other :  the  escarpment  of  each 
terrace  is  about  fifty  feet  in  height.  No  one  after 
having  examined  the  terraces  in  the  valleys  on  the 

•  *  Proceedings  of  the  Geological  Society,'  vol.  ill.  p.  420. 

'  I  will  here  give  a  catalogue  of  the  rocks  which  I  met  with  oear 
the  Bay  of  Islands,  in  New  Zealand : — Ist,  Mach  basaltic  lava,  and 
Rcoriform  rocks,  forming  distinct  craters ; — 2nd,  A  castellated  hill  of 
horiz(>ntal  strata  of  flesh-coloared  limestone,  showing  when  fractured 
distinct  crystalline  facets :  the  rain  has  acted  on  this  rock  in  a 
remarkable  manner,  corroding  its  surface  into  a  miniature  model  of 
an  Alpine  country :  I  observed  here  layers  of  chert  and  clay  iron- 
stone ;  and  in  the  bed  of  a  stream,  pebbles  of  clay-slate ; — 3rd,  The 
shores  of  the  Bay  of  Islands  are  formed  of  a  feldspathic  rock,  of  a 
bluish-gray  colour,  often  much  decomposed,  with  an  angular  frac- 
ture, and  crossed  by  numerous  ferruginous  seams,  but  without  any 
distinct  strati tication  or  cleavage.  Some  varieties  are  highly 
crystaUine,  and  would  at  once  be  pronounced  to  be  trap ;  othen 
strikingly  resembled  clay-slate,  slightly  altered  by  heat :  I  was  an« 
able  to  form  any  decided  opinion  on  this  formation. 
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westeni  ghorea  of  South  Americft,  wbich  are  strewed 
with  eea-Bhella,  and  have  been  fonned  during  intervals 
of  rest  in  the  slow  eley&tion  of  the  land,  could  doubt 
that  the  Kew  Zealand  terraces  have  been  Btmilarly 
formed.  I  may  odd,  that  Dr.  DieSenbacli,  in  his  de- 
scription of  the  Chatham  lelande,'  (S.W,  of  New  Zealaad) 
states  that  it  is  manifest  '  that  the  sea  has  left  many 
places  bare  which  were  once  covered  by  its  waters.' 

King  George's  Sound. 

This  settlement  is  situated  at  the  soath-westem 
angle  of  the  Australian  continent :  the  whole  country 
is  granitic,  with  the  constitnent  minerals  sometimes 
obecurely  arranged  in  straight  or  curved  lominEe.  In 
these  cases,  the  rock  would  be  called  by  Humboldt, 
gneiss-granite,  and  it  is  remarkable  that  the  form  of 
the  bare  conical  hills,  appearing  to  be  composed  of 
great  folding  layers,  strikingly  resembles,  on  a  small 
scale,  those  composed  of  gnciss-granite  at  Rio  de  Janeiro, 
and  those  described  by  Hnmboldt  at  Venezuela.  These 
plutonic  rocks  are,  in  many  places,  intersected  by  trap- 
pean-dikes;  in  one  place,  I  foand  ten  parallel  dikes 
ranging  in  an  E.  and  W.  line  ;  and  not  far  off  another 
set  of  eight  dikes,,  composed  of  a  diflerent  variety  of 
trap,  ranging  at  right  angles  to  the  former  ones.  I 
have  observed  in  several  primary  districts,  the  occur- 
rence of  systems  of  dikes  parallel  and  close  to  each  other. 

Svperfidai  ferrugitwus  beds. — The  lower  parts  of 
the  country  are  everywhere  covered  by  a  bed,  following 
the  inequalities  of  the  surface,  of  a  honeycombed  sand- 
stone, abounding  with  oxides  of  iron.  Beds  of  nearly 
similar  composition  are  common,  I  believe,  along  the 
whole  western  coast  of  Australia,  and  on  many  of  the 
>  ■  Oeograpliical  Joarcal,'  vol.  xi.  pp.  202,  SOG. 
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East  Indian  islands.  At  the  Cape  of  Good  Hope,  at 
the  base  of  the  mountains  formed  of  granite  and  capped 
with  sandstone,  the  ground  is  everywhere  coated  either 
by  a  fine-grained,  rubbly,  ochraceous  mass,  like  that  at 
King  George's  Sound,  or  by  a  coarser  sandstone  with 
fragments  of  quartz,  and  rendered  hard  and  heavy  by 
an  abundance  of  the  hydrate  of  iron,  which  presents, 
when  freshly  broken,  a  metallic  lustre.  Both  these 
varieties  have  a  very  irregular  texture,  including  spaces 
either  rounded  or  angular,  full  of  loose  sand;  from 
this  cause  the  surface  is  always  honey-combed.  The 
oxide  of  iron  is  most  abundant  on  the  edges  of  the 
cavities,  where  alone  it  afibrds  a  metallic  fracture.  In 
these  formations,  as  well  as  in  many  true  sedimentary 
deposits,  it  is  evident  that  iron  tends  to  become  aggre- 
gated, either  in  the  form  of  a  shell,  or  of  a  network. 
The  origin  of  these  superficial  beds,  though  sufiiciently 
obscure,  seems  to  be  due  to  alluvial  action  on  detritus 
abounding  with  iron. 

Svperfidal  calcareous  deposit — ^A  calcareous  de- 
posit on  the  summit  of  Bald  Head,  containing  branched 
bodies,  supposed  by  some  authors  to  have  been  corals,  has 
been  celebrated  by  the  descriptions  of  many  distinguished 
voyagers.*  It  folds  round  and  conceals  irregular  hum- 
mocks of  granite,  at  the  height  of  600  feet  above  the 
level  of  the  sea.  It  varies  much  in  thickness ;  where 
stratified,  the  beds  are  often  inclined  at  high  angles, 
even  as  much  as  at  30  degrees,  and  they  dip  in  all 
directions.  These  beds  are  sometimes  crossed  by 
oblique  and  even-sided  laminsB.  The  deposit  consists 
either  of  a  fine,  white,  calcareous  powder,  in  which  not 
a  trace  of  structure  can  be  discovered,  or  of  exceedingly 
minute,  rounded  grains,  of  brown,  yellowish,  and  pur- 

I  visited  this  hill,  in  company  with  Captain  IltsRoj,  and  we 
Game  to  a  similar  conclusion  regarding  these  branching  bodiea. 


t6a  King'  Georges  Sound.  tixt  i 

pliah  colouTB;  both  varieties  being  geoerally,  but  not 
alwayB,  mixed  with  smalt  particlea  of  qnartz,  and  being 
cemented  into  a  more  or  less  perfect  stone.  The  ronnde  J 
calcareous  grains,  when  heated  in  a  slight  degree,  in< 
stantly  lose  their  coloars;  in  this  and  in  every  other 
respect,  closely  resembling  those  minute,  eqnal-sized 
particles  of  shells  and  corals,  which  at  St.  Helena  have 
been  drifted  np  the  sides  of  the  mountains,  and  have 
thus  been  winnowed  of  all  coarser  fragments.  I  cannot 
doubt,  that  the  coloured  calcareous  particles  here  have 
had  a  similar  origin.  The  impalpable  powder  has 
probably  been  derived  from  the  decay  of  th«  rounded 
particles;  this  certainly  is  possible,  for  on  the  coast  of 
Fera,  I  have  traced  larqa  unhroken  shells  gradually 
falling  into  a  substance  aa  6ne  as  powdered  chalt. 
Both  of  the  above-mentioned  varieties  of  calcareous 
sandstone  frequently  alternate  with,  and  blend  into, 
thin  layers  of  a  hard  substalagmitic '  rock,  which,  even 

'  I  adopt  thia  term  from  Lieut.  Xclson's  esrellcnt  paper  en  the 
Bermuda  Islands  ('  Oeolog.  Trans.'  vol.  v.  p.  lOG).  for  the  hard,  com- 
pact, cream-  or  brown  .colon  red  stoDC,  witlioiit  an;  crystBllinc  struc- 
ture, whicli  BO  often  accompanies  superficial  calcareous  a  ccnmul  aliens, 
I  have  observed  such  superRcial  beds,  coated  with  aubstalaiiniiiia 
rock,  at  t  be  Cape  ot  Good  Hope,  in  several  parts  of  Chile,  and  over 
wide  spaces  in  La  Plata  and  Patagonia.  Some  of  these  beds  have 
bcea  formed  from  decayed  shells,  but  the  OriRin  of  the  BTcater 
number  ia  sulficientl;  fil»care.  The  causes  which  determine  naier 
to  dissolve  lime,  and  then  soon  to  redeposit  it,  are  not,  I  thick,  kniiwn. 
The  surface  of  the  Buhstalagmitic  layers  appears  alwnys  to  be 
corroded  by  the  rain.watBr.  Aa  all  the  above-mentioned  countries 
have  a  long  dry  season,  compari'd  with  the  rainy  one,  I  should  haio 
thought  that  the  presence  of  the  substalagmite  was  connected  with 
the  climate,  had  not  Lieat.  Nelson  found  thia  eobatauce  forming 
nnder  aca-water.  Disintegrated  shell  seems  to  be  eitremcly  soluble ; 
of  which  I  found  good  evidence,  in  a  curious  rock  at  Coquimho  in 
Chile,  which  consin'ed  of  small,  pellucid,  empty  husks,  cemented 
together.  A  series  of  apccimcnB  clearly  showed  that  these  hnsks 
bad  originally  contained  small  rounded  particles  of  shells,  which  h:id 
been  enveloped  and  cemented  tiigether  by  calcareous  rnatlcr  (as 
often  happens  on  sea-beachesl,  and  which  subsequently  had  dccayoil, 
and  been  di^clvcd  by  water,  that  must  have  penetrated  through  tha 
culcareoas  husks,  without  corroding  thenii — of  which  processes,  cierj 
Kage  could  be  seen. 
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when  the  stone  on  each  side  contains  particles  of  quartz, 
is  entirely  free  from  them :  hence  we  must  suppose  that 
these  layers,  as  well  as  certain  vein-like  masses,  have 
been  formed  by  rain  dissolving  the  calcareous  matter 
and  re-precipitating  it,  as  has  happened  at  St.  Helena. 
Each  layer  probably  marks  a  fresh  surface,  when  the, 
now  firmly  cemented,  particles  existed  as  loose  sand. 
These  layers  are  sometimes  brecciated  and  re-cemented, 
as  if  they  had  been  broken  by  the  slipping  of  the  sand 
when  sofb.  I  did  not  find  a  single  fragment  of  a  sea- 
shell  ;  but  bleached  shells  of  the  Helix  melo,  an  existing 
land  species,  abound  in  all  the  strata ;  and  I  likewise 
found  another  Helix,  and  the  case  of  an  Oniscus. 

The  branches  are  absolutely  undistinguishable  in 
shape  from  the  broken  and  upright  stumps  of  a  thicket ; 
their  roots  are  often  uncovered,  and  are  seen  to  diverge 
on  all  sides;  here  and  there  a  branch  lies  prostrate. 
The  branches  generally  consist  of  the  sandstone,  rathep 
firmer  than  the  surrounding  matter,  with  the  centra 
parts  filled,  either  with  friable  calcareous  matter,  or 
with  a  substalagmitic  variety ;  this  central  part  is  also 
frequently  penetrated  by  linear  crevices,  sometimes, 
though  rarely,  containing  a  trace  of  woody  matter. 
These  calcareous,  branching  bodies,  appear  to  have 
been  formed  by  fine  calcareous  matter  being  washed 
into  the  casts  or  cavities,  left  by  the  decay  of  branches 
and  roots  of  thickets,  buried  under  drifted  sand.  The 
whole  surface  of  the  hill  is  now  undergoing  disintegra- 
tion, and  hence  the  casts,  which  are  compact  and  hard, 
are  left  projecting.  In  calcareous  sand  at  the  Cape  of 
Good  Hope,  I  found  the  casts,  described  by  Abel,  quite 
similar  to  these  at  Bald  Head;  but  their  centres  are 
often  filled  with  black  carbonaceous  matter,  not  yet 
removed.  It  is  not  surprising,  that  the  woody  matter 
should  have  been  almost  entirely  removed  from  the 
12 
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casts  on  B&Id  Head ;  for  it  in  certain,  that  many  oen- 
tnriea  mnst  Imve  elapsed  eince  the  thickets  were  bnried ; 
at  present,  owing  to  the  form  and  height  of  the  oarrow 
promontory,  no  sand  is  drifted  np,  and  the  whole  sur- 
face, as  I  have  remarked,  is  wearing  away.  We  mnst, 
therefore,  look  back  to  a  period  when  the  land  stood 
lower,  of  which  the  French  natnralists '  found  evidence 
in  npraised  shells  of  recent  species,  for  the  drifting  on 
Btdd  Head  of  the  calcareons  and  qoartzose  sand,  and 
the  consequent  embedment  of  the  vegetable  remains. 
There  was  only  one  appearance  which  at  first  made  me 
doubt  concerning  the  origin  of  the  cast, — namely,  that 
the  finer  roots  from  different  stems  sometimes  became 
nnited  together  into  upright  plates  or  veins ;  bnt  when 
the  manner  is  borne  in  mind  in  which  fine  roots  often 
fill  op  cracks  in  hard  earth,  and  that  these  roots  would 
decay  and  leave  hollows,  as  well  as  the  stems,  there  is 
no  real  difiicolty  in  this  case.  Besides  the  calcareous 
branches  irom  the  Cape  of  Good  Hope,  I  have  seen 
casts,  of  exactly  the  same  forms,  from  Madeira*  and 

'  See  M.  P*ron'a  '  Tojage,'  Wun.  i.  p.  201. 

•  Dc.  J.  Maciulaj  has  fully  described  (•  Edinb.  New  Phil.  Joum.' 
»ol.  nil.  p.  350)  the  casts  from  Madeira.  He  oonsiders  (differently 
from  Mr.  Smith  of  Jordan  Hilt)  these  bodies  to  be  corals,  and  the  cal- 
careous deposit  to  be  of  suliaq neons  oiigio.  His  arguments  chietly 
rest  (for  his  teioarks  on  their  strnctore  are  vague)  on  the  grfat 
qnantity  of  Ibe  calcareons  matter,  and  on  the  ca-^Li  containing  aiiimal 
matter,  a*  shown  by  their  evolving  ammonia.  Had  Dr.  Macaulay 
■een  the  enormous  masses  of  rolled  particles  of  shells  and  coralii  on 
the  beach  of  Ascension,  and  especially  on  eoral-reefs ;  and  hid  he 
reflected  on  the  effects  of  long-contiQued,  gentle  winds,  in  drifting 
op  the  finer  particles,  he  would  hardlj-  have  advanced  the  argument 
of  qnantity,  which  is  seldom  tcnslworthj  in  geology.  If  the  caloa- 
reoDS  matter  has  originated  from  disintegratt-d  shellsand  corals,  tba 
pre^nce  of  animul  matter  is  what  might  have  been  eitiected.  Mr. 
AndcrsuD  analyzed  for  Dr.  Macaulay  part  of  a  cast,  and  he  found  it 
composed  of — 

Carbonate  oflime 7316 

Silica ll'90 

Phosphate  of  lime Sf  1 

Animal  matter     .......      4'25 

Sulphate  of  lime a  tmce 
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from  Bermuda ;  at  this  latter  place,  the  snrrounclmg 
calcareous  rocks,  judging  from  the  specimens  collected 
by  Lieut.  Nelson,  are  likewise  similar,  as  is  their  sub- 
aerial  formation.  Reflecting  on  the  stratification  of 
the  deposit  on  Bald  Head, — on  the  irregularly  alter- 
nating layers  of  substalagmitic  rock,^-on  the  uniformly 
sized,  and  rounded  particles,  apparently  of  sea  shells 
and  corals, — on  the  abundance  of  land-shells  throughout 
the  mass, — and  finally,  on  the  absolute  resemblance  of 
the  calcareous  casts,  to  the  stumps,  roots,  and  branches 
of  that  kind  of  vegetation,  which  would  grow  on  sand- 
hillocks,  I  think  there  can  be  no  reasonable  doubt, 
notwithstanding  the  different  opinion  of  some  authors, 
that  a  true  view  of  their  origin  has  been  here  given. 

Calcareous  deposits,  like  these  of  King  George's 
Sound,  are  of  vast  extent  on  the  Australian  shores. 
Dr.  Fitton  remarks,  that  *  recent  calcareous  breccia  (by 
which  term  all  these  deposits  are  included)  was  found 
during  Baudin's  voyage,  over  a  space  of  no  less  than 
25  degrees  of  latitude  and  an  equal  extent  of  longitude, 
on  the  southern,  western,  and  north-western  coasts.  '* 
It  appears  also  from  M.  P^ron,  with  whose  observations 
and  opinions  on  the  origin  of  the  calcareous  matter  and 
branching  casts  mine  entirely  accord,  that  the  deposit 
is  generally  much  more  continuous  than  near  King 
George's  Sound.  At  Swan  River,  Archdeacon  Scott* 
states  that  in  one  part  it  extends  ten  miles  inland. 
Captain  Wickham,  moreover,  informs  me  that  during 
his  late  survey  of  the  western  coast,  the  bottom  of  the 

'  For  ample  details  on  this  formation,  consult  Dr.  Fitton's 
'Appendix  to  Capt.  King's  Voyage.*  Dr.  Fitton  is  inclined  to 
attribute  a  concrei  ionary  origin  to  the  branching  bodies  :  I  may 
remark,  that  I  have  seen  in  beds  of  sand  in  La  Plata  cylindrical 
stems  which  no  doabt  thns  originated ;  but  they  differed  much  in 
appearance  from  these  at  Bald  Head,  and  the  other  places  above 
■pccitied. 

'  *  Proceedings  of  Geolog.  800.'  toL  i.  p.  820. 
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sea,  wherever  the  veBsel  anchored,  was  attcertained  by 
crow-bars  being  let  down,  to  consist  of  white  calcareous 
matter.  Hence  it  seems  that  along  this  coast,  as  at 
Bermuda  and  at  Keeling  Atoll,  submarine  and  sub- 
aBrial  deposits  are  contemporaneously  in  process  of 
formation,  from  the  disintegration  of  marine  organic 
bodies.  The  extent  of  these  depi^its,  considering  their 
origin,  is  very  striking ;  and  they  can  be  compared  in 
this  respect  only  with  the  great  coral-reefs  of  the  Indian 
and  Pacific  Oceans.  In  other  part«  <^  the  world, 
for  instance  in  South  America,  there  are  guperfieial 
calcareons  deposits  of  great  extent,  in  which  not  a  trace 
of  Clonic  structnre  is  discoverable;  these  observations 
would  lead  to  the  enqoiry,  whether  such  deposits  may 
not,  also,  hare  bet^n  formed  fi>mi  disintegrated  shells 
and  corals. 

Cape  of  Qood  Hope. 
After  the  accounts  given  by  Barrow,  Carmichael, 
Basil  Hall,  and  W.  B.  Clarke  of  the  geology  of  this 
district,  I  shall  confiDe  myself  to  a  few  observations  on 
the  junction  of  the  three  principal  formations.  The 
fundamental  rock  is  granite,'  overlaid  by  clay-slate : 
the  latter  is  generally  hard,  and  glossy  from  containing 
mionte  scales  of  mica ;  it  alternates  with,  and  passes 
into,  beds  of  slightly  crystalline,  feldspathic,  slaty  rock. 
This  clay-slate  is  remarkable  from  being  in  some  places 
(as  on  the  Lions  Rump)  decomposed,  even  to  the  depth 
of  twenty  fi-et,  into  a  pale-coloured,  sandstone-like  rock, 
which  has  been  mistaken,  I  believe,  by  some  observers, 

'  In  sevcrftl  pla'«»  I  observed  in  the  pranite,  small  dark-coloured 
balls.  com|josi:d  of  tiiiniittr  Fcilca  of  binck  mim  in  a  tnu):li  ba-^is.  In 
anotljer  jilai/e,  I  fniind  crysials  of  black  schorl  radin'iin;  frnin  a 
common  ci'ntre.  Dr.  An'lruw  Smith  found,  in  the  imcrior  piirls  i>f 
Ihe  cinmlry,  some  IjcbuHiuI  H];tuiiiieiifl  of  grunilc,  wilh  silvery  mioa 
radiatinof  '•!  rather  branching,  like  moss,  f rum  ccntrHl  poicita.  At 
the  <icologiutl  Society.tbf^rcare  specimens  of  granite  wilb crystallised 
feldspar  branching  and  tadiating  io  like  nanoer. 
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for  a  separate  formation.  I  was  guided  by  Dr.  Andrew 
Smith  to  a  fine  junction  at  Green  Point  between  the 
granite  and  clay-slate :  the  latter  at  the  distance  of  a 
,  quarter  of  a  mile  from  the  spot,  where  the  granite 
appears  on  the  beach  (though,  probably,  the  granite  is 
much  nearer  underground),  becomes  slightly  more  com- 
pact and  crystalline.  At  a  less  distance,  some  of  the 
beds  of  c!  ay- slate  are  of  a  homogeneous  texture,  and 
obscurely  striped  with  diflFerent  zones  of  colour,  whilst 
others  are  obscurely  spotted.  Within  a  hundred  yards 
of  the  first  vein  of  granite,  the  clay-slate  consists  of 
several  varieties ;  some  compact  with  a  tinge  of  purple, 
others  glistening  with  numerous  minute  scales  of  mica 
and  imperfectly  crystallised  feldspar;  some  obscurely 
granular,  others  porphyritic  with  small,  elongated  spots  of 
a  soft  white  mineral,  which  being  easily  corroded,  gives 
to  this  variety  a  vesicular  appearance.  Close  to  the 
granite,  the  clay-slate  is  changed  into  a  dark-coloured, 
laminated  rock,  having  a  granular  fracture,  which  is 
due  to  imperfect  crystals  of  feldspar,  coated  by  minute, 
brilliant,  scales  of  mica. 

The  actual  junction  between  the  granitic  and  clay- 
slate  districts  extends  over  a  width  of  about  200  yards, 
and  consists  of  irregular  masses  and  of  numerous  dikes 
of  granite,  entangled  and  surrounded  by  the  clay-slate  : 
most  of  the  dikes  range  in  a  NW.  and  SE.  line, 
parallel  to  the  cleavage  of  the  slate.  As  we  leave  the 
junction,  thin  beds,  and  lastly,  mere  films  of  the  altered 
clay-slate  are  seen,  quite  isolated,  as  if  floating,  in  the 
coarsely-crystallised  granite;  but  although  completely 
detached,  they  all  retain  traces  of  the  uniform  NW, 
and  SE.  cleavage.  This  fact  has  been  observed  in 
other  similar  cases,  and  has  been  advanced  by  some 
eminent  geologists,*  as  a  great  difficulty  on  the  ordinary 

I  See  M.  Eeilhaa'8  *  Theory  on  Granite/  translated  in  the  <Edin« 
bargh  New  Philosophical  Journal,*  vol.  zziv.  p.  402, 
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theory,  of  granite  having  been  injected  whikt  liqnefied; 
but  if  we  reflect  on  the  probable  Btate  of  the  lower 
Borface  of  a  laminated  mass,  like  clay-slate,  after  having 
been  vioSently  arched  by  a  body  of  molten  granite,  we 
may  conclude  that  it  would  be  full  of  fissnrea  parallel 
to  the  planes  of  cleavage;  and  that  these  wonid  be 
filled  with  granite,  bo  that  wherever  tbe  fissures  were 
close  to  each  other,  mere  parting  layers  or  wedges  of 
the  slate  wonld  depend  into  the  granite.  Should, 
therefore,  the  whole  body  of  rock  afterwards  become 
worn  down  and  denuded,  the  lower  ends  of  these  de- 
pendent masses  or  wedges  of  slate  would  be  left  quite 
isolated  in  the  granite ;  yet  they  wonld  retain  their 
proper  lines  of  cleavage,  froxa  having  been  united, 
whilst  the  granite  was  fluid,  with  a  continuous  covering 
of  clny-slate. 

Following,  in  company  with  Dr.  A.  Smith,  the  line 
of  junctiitn  between  the  granite  and  the  slate,  as  it 
stretched  inland,  in  a  SE.  direction,  we  cnme  to  a 
place,  where  the  slate  was  converted  into  a  fine-grained, 
perfectly  chanicterised  gneiss,  composed  of  yellowish- 
brown  granular  feldspar,  of  abundant  blncW  brilliant 
mica,  and  of  few  and  thin  lamina!  of  quartz.  From 
the  abundance  of  the  mica  in  this  gneiss,  compared 
with  the  small  quantity  and  e.'ices^ively  minute  scales, 
in  which  it  exists  in  the  glossy  clay-slate,  we  must 
conclude,  that  it  has  been  here  formed  by  the  meta- 
morphic  action — a  circumstance  doubted,  under  nearly 
similar  circumstances,  by  some  authors.  The  laminae 
of  the  clay-slate  are  straight ;  and  it  was  interesting  to 
observe,  that  as  ihey  assumed  the  character  of  gneiss, 
they  became  nndulatory  with  some  of  the  smaller 
flexures  angular,  like  tbe  laminee  of  many  true  meta- 
morphic  schists. 

Sand^hne  formation. — This   formation    makes   the 
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most  imposing  feature  in  the  geology  of  Southern 
Africa.  The  strata  are  in  many  parts  horizontal,  and 
attain  a  thickness  of  about  2,000  feet.  The  sandstone 
varies  in  character  ;  it  contains  little  earthy  matter, 
but  is  often  stained  with  iron ;  some  of  the  beds  are 
very  fine-grained  and  quite  white  ;  others  are  as  com- 
pact and  homogeneous  as  quartz  rock.  In  some  places 
I  observed  a  breccia  of  quartz,  with  the  fragments 
almost  dissolved  in  a  siliceous  paste.  Broad  veins  of 
quartz,  often  including  large  and  perfect  crystals,  are 
very  numerous ;  and  it  is  evident  in  nearly  all  the 
strata,  that  silica  has  been  deposited  from  solution  in 
remarkable  quantity.  Many  of  the  varieties  of  quartzite 
appeared  quite  like  metamorphic  rocks ;  but  from  the 
upper  strata  being  as  siliceous  as  the  lower,  and  from  the 
undisturbed  junctions  with  the  granite,  which  in  many 
places  can  be  examined,  I  can  hardly  believe  that  these 
sandstone-strata  have  been  exposed  to  heat.*  On  the 
lines  of  junction  between  these  two  great  formations,  I 
found  in  several  places  the  granite  decayed  to  the 
depth  of  a  few  inches,  and  succeeded,  either  by  a  thin 
layer  of  ferruginous  shale,  or  by  four,  or  five  inches  in 
thickness  of  the  re-cemented  crystals  of  the  granite,  on 
which  the  great  pile  of  sandstone  immediately  rested. 

Mr.  Schomburgk  has  described  *  a  great  sandstone 
formation  in  northern  Brazil,  resting  on  granite,  and 
resembling  to  a  remarkable  degree,  in  composition  and 
in  the  external  form  of  the  land,  this  formation  of  the 
Cape  of  Good  Hope.  The  sandstones  of  the  great  plat- 
forms of  Eastern  Australia,  which  also  rest  on  granite, 
differ  in   containing   more    earthy   and   less   siliceous 

'  The  Eev.  W.  B.  Clarke,  however,  states,  to  my  surprise 
(*  Geolog.  Proceedings/  vol.  iii.  p.  422),  that  the  sandstone  in  some 
parts  is  penetrated  by  granitic  dikes :  such  dikes  must  belong  to  an 
epoch  altogether  subsequent  to  that  when  the  molten  granite  acted 
on  the  clay-slate. 

3  <  Geographical  Joamal,*  voL  z.  p.  246. 
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matter.  No  fossil  remainB  hArd  been  discovered  in 
these  three  vast  deposits.  Finally,  I  may  add  that  I 
did  not  see  any  boulders  of  far-transported  rocks  at 
the  Cape  of  Good  Hope,  or  on  the  eastern  and  western 
shores  of  Australia,  or  at  Van  Diemen'e  Land.  In  the 
northern  island  of  New  Zealand,  I  noticed  some  large 
blocks  of  greenstone,  but  whether  their  parent  rook  was 
fiw  distant,  I  had  no  opportunity  of  determining. 
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DESCRIPTION  OF  FOSSIL  SHELIA 
By  O.  B.  SOWERBY,  Esq^  F.L.8. 


Shells  from  a  Tertiary  deposit,  beneath  a  great  basaltic 
stream,  at  St.  J'ago  in  the  Cape  de  Yerde  Archipelago^ 
referred  to  at  p.  6  of  this  volume. 

1.  LiTTOBiNA  PLANAZis.     O.  Sowcrby, 

Testd  suhovatdy  crassd,  Usvigatdy  anfractibus  quatuor,  spiralith' 
striatis;  apeHurd  subovcUd ;  labia  columellari  injfmdque  parte 
anfractus  uUimi planatis :  long,  06,  lot.  0'45,  poll. 

In  stature  and  nearly  in  form  this  resembles  a  small  periwiDkle ; 
it  dillers,  however,  very  materially  in  having  the  lower  part  of  the 
last  volution,  and  the  coluuiellar  lip  a*^  it  were  cut  off  and  flattened, 
as  in  the  Purpurse.  A  mong  the  recent  shells  from  the  same  locality, 
is  one  which  greatly  resembles  this,  and  which  may  be  identical,  but 
which  is  a  very  young  shell,  and  cannot  therefore  be  strictly  com- 
pared. 

2.  Cebithitim  JSMI7LTJ1C.     O,  Sowerby, 

Teat  a  oblongo-turritdf  aubvenfj^osd,  apice  tubulatOf  anfractibus 
decern  leviter  spvaJitir  att'iatisj  pnmis  serie  unicd  tuberculorum 
insttnictiSf  intermediis  irregularithr  obsolcth  tufferculiferiSf  ultimo 
longh  viqjori  absque  tuherculiSf  sulcia  duobus  ferh  basalibus  in- 
structo ;  labii  extemi  margine  intemo  intiis  crenulato :  long,  l'8y 
lat  Q7,poll. 

This  species  resembles  so  nearly  one  of  the  shells  brought  to- 
gether by  Lamarck,  under  the  name  of  Cerithium  Yertagus,  that  at 


172  Appendix  to  Part  I. 

first  (light  I  thought  it  might  b«  identical  n'ith  it ;  it  may  be  easily 
diftiiiguirhed,  however,  hj  ita  being  destitute  ol'  the  I'ulij  iu  the 
centre  of  the  columella  so  conspicuous  in  thoBe  shells.  There  is 
only  one  Bpecimen,  which  has  unfortunately  lost  tlie  lower  part  of 
thti  outer  lip,  eo  that  it  is  impossible  to  describe  ihe  foim  of  the 
■perture. 

8.  Vbsith  BiUVLAirs.     O.  Sowerby. 

7W(t  Totundatd,  ventrieotd,  laviiucutd,  crnud;  eotta  obfuelt, 
Uuiatcutig,  eonceidricit,  anfiei  pustietque  iuiercuialim  tolutii; 
ared  eardinnli  pof/.tcd  altera  vaioB  latlusadd:  tynprestione 
tubumbonali  potlicd  drculart!  long.  18,  ait.  1-8,  lat.  1*6, 
poU. 

A  shell  which  is  interojedinte  in  its  characters,  taking'  its 
place  between  the  Venut  lerrucnia  of  the  British  Channel  and  the 
V.  roi'ilina  of  Rang  of  the  western  coast  of  Africa,  but  sulQcieiitly 
distiiigiiiBhed  from  both  by  its  broad,  obtuse,  concentric  ribs,  which 
are  divided  into  tubercles  both  before  and  behind.  It  is  &lso  of  a 
more  circular  form  than  either  of  those  species. 

The  following  Shells,  from  the  same  bed,  as  far  as  they  can 
be  distinguished,  arc  known  to  be  recent  species  : — 

4,  PuRrtniA  Fooos. 

B.  AMpniuESMi  AUsTKAtB.    Sotcerbt/. 

6.  COSTJS   VENTLATTS.      Lam. 

7.  FlssrKtLLA  COAIWTTATA.    King. 

8.  Pkjis* — two  odd  vttlves,  but  in  such  condition  that  it  can- 
not be  idt'ntifii'd. 

9.  OsrKEA  coBSPCopijf.    Lam. 

10.  Aeca  ovata.     Lam. 

11.  Patella  bhiRita.    Budyin. 

12.  TWKRITELLA    BICISOrLATA?      I^m. 

13.  Stuomdus — loo  much  worn  and  mutilated  to  be  identified. 

14.  HiprosYS  RADIATA.     Gray. 

16.  Xatic.v  ULEK.      J'alfnciennpg. 

10.  Pi;cTEN,  which  in  form  reacmbleB  o/vrcularii,  but  which  is 
distitiguis-Liible  by  sevewl  characttTs.  There  is  only  a  Bingle  valve, 
wlieri-forc  I  cannot  cniisider  luyself  warranted  to  descril>e  it^ 

17.  Pupa  BrBDT.APHASA.    A'l'n^. 
Id.  Tbocuds— indeterminable. 
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EXTINCT  LAND-SHELLS  FROM  ST.  HELENA. 

The  following  six  species  were  found  associated  together,  at 
the  bottom  of  a  thick  bed  of  mould;  the  last  two  species 
namely,  the  Cochhgena/oasilis  and  Helix  biplicata  were 
found,  together  with  a  species  of  Sv^cinea  now  living  on 
the  Island,  in  a  very  modem  calcareous  sandstone. 
These  Shells  are  referred  to  at  p.  101  of  this  volume. 

I.  CocHLOGEXA  AUBis-vTTLprNA.    De  Fer, 

This  species  is  well  described  and  figured  in  Martini  and  Chpm- 
nitz's  eleventh  volume.  Chemnitz  expresses  doubts  as  to  what 
genus  it  might  properly  be  referied,  and  also  a  strong  opinion  un- 
favourable to  the  conclusion  that  it  should  be  regarded  as  a  land- 
shell.  His  specimens  were  bought  at  a  public  auction  in  Hamburg, 
having  been  sent  there  by  the  late  G  Humphrey,  who  appears 
to  have  been  very  well  acquainted  with  their  real  locality,  and  who 
sold  them  for  land-shells.  Chemnitz,  however,  mentions  one  speci- 
men in  Spengler's  collection,  in  a  fresher  condition  than  his  own, 
and  which  was  said  to  be  from  China.  The  re|  resent  ation  which  he 
hasi  given  is  taken  from  this  individual,  and  appears  to  me  to  have 
been  only  a  cleaned  specimen  of  the  St.  Helena  shell.  It  is  easy  to 
suppose  that  a  shell  from  St.  Helena  might  have  been  either  acci- 
dentally or  interestedly,  after  passing  through  two  or  three  hands, 
sold  as  a  Chinese  shell.  I  think  it  i^  not  possible  that  a  shell  of 
this  species  could  have  been  really  found  in  China ;  and  among  the 
immense  quantities  of  shells  that  come  to  this  country  from  the 
Celestial  Empire,  I  have  never  seen  one.  Chemnitz  could  not  bring 
himself  to  establish  a  new  genus  for  the  reception  of  t  his  remarkable 
shell,  though  be  evidently  could  not  collate  it  with  any  of  the  then 
known  genera,  and  though  ho  did  not  think  it  a  land-shell,  he  has 
called  it  Aurts-vulpina.  Lamarck  has  placed  it  as  the  second 
species  of  his  genus  Stfufhiolariaf  under  the  name  of  ct'enulata. 
To  this  genus  it  does  not  however  bear  any  affinity ;  and  there  can 
be  no  doubt  about  the  correctness  of  De  Ferussac's  views,  who 
places  it  in  the  fourth  division  of  his  sub-genus  Cochhgena :  and 
Lamarck  would  have  been  correct,  according  to  his  own  principles, 
if  he  had  placed  it  with  his  Auriculce,  A  variety  of  this  species 
occurs,  which  may  be  characterised  as  follows : — 

COCHLOGKNA  AXTRIS-VTILPIKA,  WZT. 

Testd  subpyrcmiidcUif  aperturd  breviori,  labio  tenuiori:  long.  1*68, 

apertura  076,  lat.  0*87,  poll, 

Obs. — The  proportions  of  this  differ  from  those  of  the  osnrl 
variety,  which  are  as  follows: — Length  1*65,  of  the  aperture  l*. 
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widlh  OIXl  inch.  It  ia  worthy  of  observntiim,  that  all  tba  shells 
of  tbis  variety  came  irooi  a  diQerant  part  of  the  ialaud,  from  the 
foregoing  specimens. 

2.  CoCHLOBmTA  EUBsiriB.     Q.  Sowrhg. 

Tetid  oblortffd,  craanuculd,  iptrd  ttibacianinatd,  obtusd,  anfracti/iui 
tenif,  Tubventi-iroai'i,  leciter  itrintis,  fuiwd  profitaji  ttnprettd  ,- 
aperturdeii^ocatd;  ptritrpmatecaTitmuOjeuhtnoeamaioi  umbiiko 
paroo!  lonff.  08,  lot.  0S7, poil. 

This  species  is  of  the  stature  of  C.  Guadaloapensii,  but  may 
easily  bediEtinguishedby  the  form  of  the  volutions  and  the  deeply- 
marked  suture.  The  Bpeoimeng  vary  a  Uttlo  in  their  proportions. 
Thit  species  was  not  obtained  by  Mr.  Darwin,  but  u  from  the 
collection  of  the  Qeolt^ical  Society. 

1.  GOCHLIOOPA  8UBPU0ATA.     O.  Sowerbi/. 

Teitd  MongS,  tviacuminato-pyrnmidnli,  tipke  obtuso,  anfraclibiu 
navan  ireibtn,  portii-i  mibjitientiii,  luturd  erenuJnId ;  apiriurd 
ovetd,  postki  anild,  labto  exlemo  letiui;  cotamella  obsuleti  tub- 
trmicntd;  wnbilk-o  miiiimo:  long.  OUa,  iat.  0-2fi, poU. 

This  and  the  following  are  placed  with  De  Peruasac's  sub-genus 
Onchlicopa,  because  they  are  most  nearly  rtlated  to  his  Cochlicopa 
foliindui.  As  species  they  are,  however,  kith  iierfectlj  diMiuct, 
bi'ing  much  larger,  and  nut  shining  and  sinnolh  like  C.  foUiculm, 
which  is  found  in  the  south  of  ICurope  and  at  Madeira.  Some  very 
youn^  sheila  and  an  egg  were  found,  which  I  conjecture  to  belong 
to  this  species. 

2.  OocHLicoPA  TBReBELHTM.     O.  Sowtrby. 

Tettdoblo'ngd,ctili'idraceo-pyramidali,apiceobt.uKiuacido,nnfTactibia 
tfptenii,  la-Dlhiis;  auturd  postici  crmi'lntd;  aperluid  ovoli, 
ftstici  aciitd,  tnbio  exterao  tema,  antui  dfclivi;  culumelld 
oU'ileti  truncatd,  umbiiico  nunhao:  long.  077,  Int.  0-25, 
poll. 
This  species  differs  from  the  last  in  beinj;  more  cylindrical,  and 

in  being  nearly  frfe,  when  full  grown,  from  thu  obtuse  folds  of  tbn 


poslf 


1  the  form  of  the  aperture.     The 


1.  Helix  bilaubliata.     Q.  Soicerbij. 

Teild  orbwuIato-depTesid,  ipird  ptand,  anfradibua   tena,  ultimo 
tubtiit   vetUrkoto,  superni  anguiari ;  umbiluo  paruo;  aperturd 


■■i 
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semilunarif  sitpemh  extxis  angvlatd,  labio  extemo  tenui:  intemo 
plicis  duabus  spiralibus,  posticd  majori:  long,  0*16,  lot,  038. 
poll. 

The  young  shells  of  this  species  have  very  different  proportions 
from  those  marked  above,  their  axis  being  nearly  as  great  as  their 
width.  The  largest  specimen  is  white,  with  irregular  ferruginous 
rays.  This  is  very  difl'erent  from  any  known  recen  t  species,  alt  hough 
there  are  several  to  which  it  appears  to  have  some  analogy,  such  as 
Helix  epUiylium  or  Cookiana,  and  H.  gularis :  in  both  of  these, 
however,  the  internal  spiral  plaits  are  placed  within  the  outer  wall 
of  the  shell,  and  not  upon  the  inner  lamina,  as  in  Hdiv  hilanuilata, 
Tliere  is  another  recent  species,  which  is  somewhat  analogous  to 
this;  it  is  as  yet  undescribed,  and  differs  from  this  and  from 
Cookiana,  in  the  circumstance  of  its  possessing  four  internal  spiral 
plaits,  two  of  which  are  placed  within  the  outer,  and  two  upon 
the  inner  wall  of  the  ^ell ;  it  was  brought  from  Tahiti,  in  the 
Beagle, 

2.  HsLix  POLTODOK.     O.  Sowerhy, 

*  Testd  orhiculato-subdepressd,  anfractibxis  sex,  rotundatts,  striatis : 
aperturd  semilunaris  lahio  intemo  plicis  tribus  spiralibus,  posticis 
gradatim  majoribus,  extemo  intits  dentibus  quinque  instructo ; 
umbilico  mediocri :  long.  0*07,  lot,  0*16,  poll. 

This  is  somewhat  related  to  Helix  contorta  of  De  Ferussac, 
•Moll.  t«rr.  et  fluv.'  Tab.  51  A,  f.  2;  but  differs  from  it  in  several 
particulars. 

8.  Hblh  8PT7BCA,     O.  Sowerby, 

Testd  suborhicuJari,  spird  subconoidedy  obtusd ;  anfractibus  quattior 
tumidiSf  sttbstriatts ;  aperturd  magna, perif  remote  tenui;  umbilico 
parvo,  pro/undo :  long,  0*1,  lot,  0'13,  poll. 

Easily  distinguished  from  Helix  polyodon,  by  its  wide,  toothless 
aperture. 

4.  Hblh  biplicata.     O.  Sowerby, 

Tesfd  orbiculato-depressd,  anfractibus  quinque  rotundaiis,  striatis  ; 
aperturd  semiJunari,  labio  intemo  plicis  duabustpirnlibus,  posticd 
majori:  umbilico  magno:  long.  004,  lat,  01, poll. 

This  must  be  regarded  as  perfectly  distinct  from  Helix  bUameUaf.a. 
on  account  of  its  form  ;  its  umbilicus  is  much  larger,  it«  spire  is  not 
flat,  nor  is  the  posterior  edge  of  each  volution  angular.  There  are 
specimens,  which  must  be  referred  to  this  species,  found  with  the 
foregoing  species,  and  with  the  Cochlogena  fonsilis,  which  latter  if 
associated  with  a  living  Succinea,  in  the  modem  calcareous  sand- 
stone. 
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PALEOZOIC  SHELLS  FROM  VAN  DIEMENB  LAND, 

nnFFimiin  TO  AT  P.  166  OV  THIS  TOLITU 

I.  Pboshcia  BUOATA. 

Thi«  is  probably  tie  «tme  species  with  that  named  Prodar^a 
rvgata  by  Pnillips  ('  Geology  of  Vorkshire,'  part  ii.  plate  vii.  f.  1 6>  s 
it  is,  however,  in  ttxi  impei^ect  a  coudition  to  allow  me  to  decide 
po«idTeIj. 

3.  Fbodttou  BKAcaiTKJSBDS.     0.  Sowerby. 

Froduela,  Tut3nAtrapaiformi,eom,prtttd, parte  antiedlation,»vA- 
bSobd,  poiticd  anffuttiori,  lined  eardinalt  brevi. 

The  most  remarkable  characters  of  this  species  are  the  shortness 
of  the  hinfre-line,  and  the  comparatire  width  of  the  anterior  parti 
its  outside  is  ornamented  with  small,  blunt  tubercles,  irregularly 

Elsced :  it  b  in  limestone,  of  the  ordinary  grey  colour  of  mountain 
ineatone.  Another  specimen  which  I  suppose  to  be  an  impression 
of  the  inside  of  the  flat  valve,  is  in  stone,  of  o  light  rusty-brown 
colour.  There  ia  a  third  spcimen,  which  I  believe  to  be  the  im- 
pression of  the  inside  of  the  deeper  valve,  in  a  nearly  similar  stone, 
accompanied  by  other  shells. 

1.  Spibipera  stTBEAiiiiTA.    Q.  Sowerhy. 


The  breadth  of  this  shell  is  rather  greater  than  its  length.  The 
rays  of  the  lateral  surfaces  are  very  few  and  indistinct,  and  the 
medial  lobe  is  uncommonly  large  and  wide. 


S.  Spieifbra  kothmdataP    Fhillipt't  •  Geology  of  Yorkthire,' 
pl.ix.  f.  17.    ■ 

Although  this  shell  is  not  exactly  like  the  figure  above  referred 
to,  it  would  perhaps  be  impossible  to  find  any  jrood  disliniriiishiig 
character.  CJur  specimen  is  much  distorted ;  it  is,  moreover,  an 
eiample  of  that  sort  of  accidental  variation  thai  shows  how  little 
dependence,  ou^'ht,  in  some  instances,  to  be  placed  upon  particular 
characters;  for  the  radiating  ribs  of  one  side  of  one  valve  are  much 
more  numerous  and  closer  than  those  on  the  oiber  side  of  the  same 
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8.  Sfibifeba.  tbapezoidaub.    Q,  Sowerhy, 

Spirifera^  Testd  subtetragond^  mediand  parte  profundd,  raditi  rum' 
nulitSf  mbinron^picuis :  radiis  lateraiibus  utrtusqtie  Uiteris  sqftem 
ad  octo  distinctis:  long.  1*5,  lot,  2',  poll. 

There  are  two  specimens  of  this,  in  a  dark,  rusty,  gray  limestone, 
probably  bituminous. 

Spikifbra  tbapezoidalis,  v€tr,  P    O.  Sowerhy, 

Spirifera,  Testd  radiis  lateralihus  tripartiiim  divisis,  lineis  increnienti 
antiquatiSf  cater oqidn  omninb  ad  Spiriferam  trapezoidalem 
simiilimd. 

At  first  I  hesitated  to  unite  this  to  Spirt/era  trapezoidalis,  but 
observing  that  at  the  commencement  the  radiating  ribs  were  simple, 
and  knowing  that  the!>e  are  subject  to  variations,!  have  thought  it 
best  merely  to  disiinguiah  this  specimen  as  a  variety. 

There  are  several  other,  probably  distinct,  species  of  Spiriferae, 
but  as  these  are  only  casts,  it  is  obviously  impossible  to  give  the 
external  characters  of  the  species.  Since,  however,  they  are  very 
remarkable,  I  have  thought  it  advisable  to  give  a  name,  together 
with  a  short  desicription  of  each. 

4.  Spibipbea  pattcicostata.     O,  Sowerby. 

Length  equal  to  about  two-thirds  of  its  breadth ;  ribs  few  and 
Tariable. 

5.  Spirifbka  Vespebthio.    O.  Sowerby. 

Breadth  more  than  double  its  length,  radiating  ribs  rather  large, 
di.stinct,  and  not  numerous  ;  posterior  inner  surface  covered  with 
distinct  punctulations  in  both  valves. 

6.  Spibifbra  avioula.    O.  Sowerby, 

The  proportions  of  this  species  are  very  remarkable,  inasmuch 
as  it  appears  to  have  been  nearly  three  times  as  wide  as  it  is  long; 
the  radiating  ribs  are  not  very  numerous,  and  the  internal  posterior 
surface  of  one  valve  alone  (the  large  valve)  has  been  punctulated. 
In  its  proportions  it  resembles  Phillips's  Spirtfera  convolutaf  but  as 
our  Sp.  avicula  is  only  a  cast  of  the  inside,  its  proportions  are  not 
so  abnormal  as  those  of  S^.  convoluta.^ 

A  specimen,  which  is  very  much  pressed  out  of  its  natural  shape, 
but  which  still  appears  to  differ  somewhat  in  its  proportions,  shows 
not  only  the  cast  of  the  inside,  but  also  the  impression  of  the  out- 
side ;  its  radiating  ribs  are  very  irregular,  and  numerous,  but  it 
must  be  regarded  as  doubtful  whether  some  of  them  be  not  principal 
and  others  only  interstitial :  their  irregularity  renders  it  impossible 
to  decide. 

*  *  Geology  of  Yorkshire,*  part  11.  plate  ix.  1  7. 
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DESCRIPTION  OP  SIX  SPECIES  OF  CORALS, 
FROM  THE  PALEOZOIC  FORMATION  OF 
VAN  DIEMEN'B  LAND. 

Bi  W.  LONSDALE,  Ebo.,  P.Q.S. 


1.  STBiroFOBA  Tabhabienbib,  sp.  n,* 

Branchtd,  hranehti  n/Undrical,  varioutly  tnrUned  or  eontorfrdi 
ttAei  mart  or  lest  divergent ;  motUhi  oval,  dimtionat  ridge-t 
strongly  tuberculatfd;  mdieationt  qf  tueceiiivt  narrowing  m 
each  tvhe,  1 — 3. 

Trib  coral,  in  its  general  mode  of  growth,  reBemblea  Calamopora 
(Senoporaf)  tvmida,  (Mr.  Phillipa,  'Qeol.  of  TotkehirB,'  part  ii. 

SI.  1,  fig.  62),  but  in  the  form  of  the  moath  and  other  structuml 
etailB  the  difFiTcncee  are  very  great.  SCenepora  Tamtanimtia 
attftina  considerable  dimeDsiong,  one  specimeo  being  4^  inches  in 
length  and  hnlf  an  inch  in  diameter. 

The  brancliesliaTeindividiiallTgreot  uniformity  ID  their  circum- 
ference, but  they  differ  with  respect  to  each  other  in  the  same  speci- 
men, and  there  is  no  definite  method  of  subdivision  or  direction 
of  growth.  The  extremitiea  are  occasionally  hollow ;  aod  one 
Bpecimeit,  about  1^  inch  in  length,  and  biilf  an  incb  in  breadth,  is 
crushed  completely  flat.  The  tubes,  in  tbebest  exposed  cases,  have 
coueiderable  lengl]h,  springing  almost  solely  from  the  axis  of  the 
branch,  anil  diveixing  very  geutly  till  they  nearly  rencb  the  circum- 
ference, where  theyhend  outwards.  In  the  body  of  the  branch 
the  tubes  are  angular  from  lateral  interference ;  but,  on  approachitig 
the  outer  surface,  they  become  oval  in  consequence  of  the  inter- 
spaces prod  need  by  the  greater  divergence.  Their  diameter  is  very 
uiiiform  throughout,  with  (he  exception  of  the  narrowings  nenr  the 
terminations  of  the  full-grown  tubes.     The  walls  in  the  interior  of 

'  Though  the  characters  of  thia  genaa  are  unpublished,  it  ha.s  been 
thouglit  advisable  not  to  give  Ihem  fully  in  ibis  notice,  a  very  few 
species  only  having  been  examined.  The  coral  is  e-^stntially  com- 
posed of  simple  tubes,  variously  aprr^rated  and  radi.iting  outwards. 
The  mouth  is  round  or  oblong,  and  surrounded  by  pn  ijecting  walls, 
having  along  the  crest  a  row  of  tubercles.  The  mouih  originally 
oval  is  grarlually  narrowed  (CTfuJi)  by  a  band  projeclirg  from  tljs 
inner  wall  of  the  tube,  and  is  finally  closed.  [Shortly  aftw  the  pub- 
lication of  the  Iir>:t  edition,  Mr.  Lonsdale  informed  mo  that  he 
believed  this  coral  ought  to  have  been  included  in  the  genus  Tbam- 
nopoia  of  Steinioger.j 
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the  branches  were  apparently  very  thin,  but  there  is  a  relatively 
considerable  thickness  of  matter  at  the  circumference.  No  traces 
of  transverfio  diaphragms  have  been  noticed  within  the  tubes. 

Cases  iUustrative  of  the  changes  to  maturity  and  final  oblitera- 
tion in  the  oval  termination  of  the  tubes  are  rare,  bat  the  following 
have  been  observed.  Where  the  mouth  becomes  free  and  oval,  the 
walls  are  thin  and  sharp,  and  perpendicular  within  the  tube.  In 
some  cases  they  are  in  contact ;  but,  in  others,  they  are  separated 
by  grooves  of  variable  dimensions,  in  which  very  minute  foramina 
or  pores  may  be  detected.  As  the  mouth  approaches  towards 
maturity,  the  grooves  are  more  or  less  filled  up,  and  the  walls 
thicken,  a  row  of  very  minute  tubercles  being  discoverable  along 
the  crest.  At  this  stage  the  inner  side  of  the  tube  ceases  to  be 
vertical,  being  lined  by  a  very  narrow  inclined  band.  The  mature 
mouths  are  separated  by  a  bold  ridge,  generally  simple,  but  not 
unfrequently  divided  by  a  groove ;  the  double  as  well  as  the  single 
ridge  being  surmounted  by  a  row  of  prominent  tubercles  almost 
in  contact  with  each  other.  Only  one  example  of  the  filling  up 
of  the  mouths  has  been  observed,  but  it  affords  satisfactory  evi- 
dence of  a  gradual  expansion  of  the  inner  band,  before  alluded  to, 
and  a  final  meeting  in  the  centre.  In  this  extreme  state,  there  is 
a  general  blending  of  details,  but  the  tubercles  are  for  the  most 
part  distinct. 

In  this  species,  proofs  of  a  narrowing  of  the  mouth  previously 
to  the  formation  of  the  perfect  tube,  and  the  final  contraction,  are 
not  very  prominently  exhibited  in  the  long  cylindrical  straight 
branches ;  but  near  tne  point  where  the  tubes  bent  outwards  there 
is  an  annular  indentation,  which  may  be  traced  successively  from 
cast  to  cast  in  a  lineal  direction,  parallel  to  the  surface ;  and  be- 
tween the  prominent  narrowing  and  the  perfect  surface,  the  walls 
of  the  tubes  were  slightly  rugose.  In  another  short  branch,  be- 
lieved to  belong  to  this  species,  but  in  which  the  tubes  diverged 
outwards  very  rapidly,  the  narrowing  is  strongly  marked,  but  not 
to  an  equal  extent  throughout  the  specimen. 

The  matrix,  in  which  the  fossil  is  imbedded,  is  a  coarse  calca- 
reous shale,  or  a  gray  limestone ;  and  in  which  occur  also  Fenestella 
intemaia,  &c. 

2.  Stenopora.  ovata,  sp.  o. 

Branched,  branches  oval;  tubes  relatively  short,  divergence  great; 
mouths  round;  contractions  or  irregularities  qf  grotuth  nu- 
merovs. 

.  The  characters  of  this  species  have  been  very  imperfectly  ascer^ 
tained.  The  branches  are  not  uniformly  oval,  even  in  apparently 
the  sanae  fra^ent.  The  tubes  diverged  rapidly  along  the  line  of 
the  major  axis,  and  had  but  a  very  limited  vertical  growth.  Their 
casts  exhibit  a  rapid  succession  of  irregularities  of  devdopment. 
The  mouths,  as  far  as  they  can  be  determined,  were  round  or 
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elightly  oval,  and  tlie  dividinff,  tuberculated  ridges  sharj) ;  but  In 
COQBequence  of  the  outer  surface  not  being  exp<»ed,  their  perfect 
characters,  and  the  changes  incidental  upon  growth,  could  not  be 
ascertained. 

The  coial  is  imbedded  in  a  dark  gray  limestone. 

I.  Fsvi^TELu  UI7L1,  sp.  n. 

Citp-iiapedi  celluliferoag  surface  internal ;  hrmtehes  diehotomoiu, 
broad,  fiat,  thin;  mahetoval;  rowtof  cellt  ntaneroat,  rarely 
Umitaito  tiBO,  alienate :  trantoerie  etmiteetinff  proceste*  tome- 
timrt  celluinr  i  inner  layer  of  non-cellular  turf  ace  veryfihrna* ; 
e.\tem)dlnyervery  graTmlar,non^rau»;  gemmuliferoutveticlel 

Soma  of  the  casta  of  this  coral  have  a  general  resemblance  to 
FenetUllapoli/pornta,  as  represented  in  Captain  Portlock'a '  Beport 
on  the  Geology  of  Londonderry,'  nl.  um.  A.  fig.  1  a,  1  d;  but 
there  is  no  agreement  between  the  Van  Diemen's  Laud  fossil  and 
the  structure  of  that  species  as  ^ven  in  PI.  siii.  fig.  3,  of  the 
same  work,  or  in  Mr.  Phillips's  original  figures, '  Qeology  of  York- 
shire,'part  ii.,  pi.  i.  figs.  19,  20.  A  genenu  resenbUnce  also  exists 
between  Feneat'lla  ampin  and  a  coral  obtained  by  Mr.  MurcliisoQ 
from  the  cnrboniferous  limestone  of  Kossatchi  Datchi,  on  the  esstem 
flank  of  the  Ural  Mountains,  but  there  is  again  a  marked  difference 
in  Btructurol  details. 

Penettella  ampla  attained  considerable  dimensions,  fragments 
apparently  of  one  specimen  covering  an  area  of  4^  inches  by  3 
inches;  and  it  displays  considerable  massiveness  of  outline,  the 
hmnchea  at  the  pomts  where  they  dichotomise  often  exceeding  the 
tenth  of  an  inch  in  breadth. 

In  the  general  aspect  of  the  coral  a  considerable  uniformity  pre- 
vails, but  the  branches  vary  in  breadth,  swelling  out  grently  near  the 
bifurcations ;  nevertheless,  there  is  no  marked  ditlurence  of  character 
between  the  base  and  the  upper  part  of  the  cup,  even  in  the  number 
of  the  rows  of  cells. 

In  the  best  state  of  the  cellular  surface,  wbich  has  been  noticed, 
the  mouths  of  the  cells  are  relatively  large,  round  or  oval,  and  are 
defined  by  a  slightly  raised  margin ;  and  an  undulating,  thread-like 
ridge  winds  between  them,  dividing  the  interspaces  into  loienge- 
■hapcd  areas.  The  rows  of  cells,  immediately  preceding  the  bifurca- 
tion, sometimes  amount  to  ten,  and  after  tlie  separation  generally 
exceed  two.  The  moiitlis  of  the  Interol  rows  project  into  the 
meshes  j  and  the  transverse  connecting  processes  are  sometimes 
cellular.  The  interspaces  between  the  mouths,  as  well  as  the  un- 
dulating ridges,  nre  grnniilnr,  or  very  minutely  tiiberculnted.  In- 
ternally, the  cells  exhibit  the  usual  oblique  arrnngement,  overlaying 
each  other  and  terminating  abruptly  against  the  dorsal  part  of  the 
brancli.     The  perfect  casts  of  the  cellular  surface  give  the  reveraa 


Appendix  to  Part  I,  i8i 

of  the  characters  just  noticed,  but  more  generally  the  impressiona 
display  scarcely  a  trace  of  any  other  structure  Uian  longitudinal 
rows  of  circular  mouths. 

On  the  inner  liiyer  of  the  non-cellular  surface,  twenty  well- 
marked  parallel  fibres,  with  intermediate  narrow  fiTOOves  or  corre- 
sponding casts,  may  sometimes  be  detected,  and  the  number  is 
always  considerable.  The  mode  of  preservation  did  not  permit  the 
true  nature  of  the  fibres  to  be  discovered,  but  in  consequence  of 
what  has  been  noticed  in  other  species,  it  is  inferred  that  they  are 
tubular.  Their  range  is  considerable,  but  in  the  specimen,  which 
exhibits  their  structure  most  fully,  thev  ore  frequently  cut  off  by 
circular  foramina.  Their  perfect  surrace  is  mmutely  granular. 
The  outer  layer,  or  back  of  tne  branches,  is  composed  of  an  uniform 
crust  without  any  indications  of  fibres,  but  covered  with  numerous 
microscopic  papulae,  and  corresponding  pores  penetrating  the  sub- 
stance of  the  layer. 

The  only  indications  of  gemmuliferous  vesicles,  are  small  circular 
pits  occasionally  situated  over  the  mouth,  and  agreeing  in  position 
with  the  vesicles,  which  in  other  cellular  genera,  have  been  con- 
sidered as  gemmuliferous.  In  the  Russian  specimen  before  alluded 
to,  casts  of  similar  pits  are  very  uniformly  distributed  between  the 
casts  of  the  mouths. 

The  voun^est  state  of  the  coral  has  not  been  noticed,  nor  have 
any  marked  changes  incident  upon  age,  except  the  gradual  thicken- 
ing of  the  non-cellular  surface,  by  the  coating  over  of  the  fibrous 
layer. 

The  matrix  of  the  specimens  is  a  dark  gray  splintery  or  an  earthy 
limestone. 

2.  Fenestella  intebitata,  sp.  n. 

Cujhshaped;  celluliferovs  gurface  internal:  bronchos  dichotamous, 
compressedf  breadth  variable;  meshes  oblong^  natToto:  rotos  of 
cells  2 — 5,  divided  by  longitudinal  ridges ;  transverse  connecting 
processes  short  without  cells :  non-cellular  surface^  inner  layer^ 
sharply  fibrous^  outer  layer  ^  minutely  granular, 

Bv  the  delicacy  of  its  structure,  this  species  is  easily  distinguish- 
able irom  Fen,  ampla ;  and  in  the  rows  of  cells  varying  from  two 
to  five,  as  well  as  in  their  mode  of  development,  there  are  further 
well-marked  differences.  It  appears  to  have  attained  considerable 
dimensions,  fragments  having  been  noticed  an  inch  and  o-half  in 
lencth  and  an  inch  in  breadth. 

The  branches  vary  in  width,  swelling  out  gradually  towards  the 
bifurcations,  but  without  any  alteration  in  the  form  or  size  of  the 
meshes ;  and  as  fgr  as  the  state  of  the  specimens  will  permit  an 
opinion  to  be  formed,  no  marked  changes  occurred  during  the  deve- 
lopment of  the  cup,  except  one  about  to  be  noticed.  On  the  cellu- 
liferous  surface  of  the  branches,  considerable,  but  uniform,  altera* 
tions  take  place  between  the  successive  bifurcations.    For  a  abort 
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distance  above  the  point  of  Ecpar&tion,  the  branch  is  narrow  end 
angular,  and  traTerwd  along  the  centre  by  a  ridra,  and  there  is  only 
one  row  of  cellular  mouths  on  each  side.  As  the  brunch  grew,  the 
ridge  widened,  and  uldmately  became  celluliferous,  a  row  of  moulJis 
springing  from  its  place  (ijiiemata).  The  three  ranges  of  cellular 
Openings  are,  in  this  state  of  the  branch,  separated  by  two  ridges, 
and  thene,  as  the  development  advanced,  again  widened  and  became 
cellular,  the  five  rows  being  divided  by  four  ridgea.  This  appears 
to  be  the  extreme  stage  of  growth, another  bifurcation  taking  place 
immediately  after.  In  the  earliest  formed  part  of  the  cup  only  two 
or  three  rowsof  mouths  prevail;  and  where  the  nuiuberia  greater, 
a  certain  amount  of  irregularity  in  the  linear  arrangement  is  percep- 
tible, resulting  from  the  lateral  expansion  of  the  branch. 

In  the  beat  preserved  specimens,  the  mouths  are  relatively  large, 
round  or  oval,  and  the  margin  is  aligbtly  raised.  In  the  middle 
rowa  tber  are  parallel,  ornearly  parallel,  and  in  the  direction  of  the 
axia  of  the  branch  ;  but  in  the  side  rows  tbey  are  often  obliquely 
pieced,  inclininfj  towards  the  meshes.  In  these  nearly  perfect  speci- 
mens the  dividing  ridges  are  thread-like  and  slightly  waved,  hut 
tiiere  is  no  trace  of  the  loienge-aheped  compartments  so  distinctly 
exhibited  in  Fenettella  amp/a.  The  interspaces  between  tbe  mouths 
are  flat  or  slisbtly  convei.  In  specimens  less  finely  presened,  or 
deprived  of  the  original  surface,  the  mouths  are  not  uniform  in  out- 
line, and  have  no  projecting  margin.  The  diverging  ridges  are  also 
relatively  broader ;  and  the  whole  surface,  including  the  transverse 
connecting  processes,  in  granular  or  minutely  tuberculated. 

The  inner  layer  of  the  non-cellular  surface  is  sharply  fibrous,  and 
■  3  may  be  more  or  less  clearly  detected  in  the 
meeting  processes.  The  number  of  fibres  on  the 
it  apparently  exceed  twelve,  and  they  are  in  general 
lueir  range  ia  considerable,  additional  ones  being 
interpolated  as  the  branch  widens;  and  their  surface  is  miuutely 
tuberculated.  No  separate,  circular  foramiua  were  noticed.  Ttie 
outer  layer  is  uniformly  granular,  wb ere  completed,  but  every  inter- 
mediate state  from  the  sharply  fibrous  may  he  traced  on  the  same 


No  distinct  proofs  of  gemmuliferous  vesicles  have  been  observed, 
bul  in  a  specimen,  which  is  believed  to  exhibit  impressions  of  this 
species,  there  are  occasionally  to  be  defected,  near  the  mouths, 
hemispherical  casts,  perfectly  rounded  on  the  surTnce,  and  evidently 
unconnected  immediately  with  the  interior  of  the  cells,  end  which 
it  is  presumed  may  represent  those  vetiilea.  Fmittella  intemata 
appears  to  be  an  aoundant  fossil,  one  slab  nearly  eight  inches  long 
and  six  wide,  being  covered  on  both  sides  ivith  Iragments  of  it, 
and  numerous  smaller  specimens  occur  in  (be  collection.  Tb« 
matrix  b  chiefly  a  coarse  gray  calcareous  shale,  but  it  is  sometimes 
a  splintery  limestone,  or  a  bud  ferruginous  or  light-coloured  clay- 
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3.  Fenesielia  P08817LA,  sp.  n. 

Oup-shapedf  celluliferous  turf  ace  trUemal;   hranehe$  dUshotomouaf 
dender:  meshes  oval;  roios  qf  eeliSf  two;  transverse  processes 
non-ceUtdar ,  inner  layer  cf  non-<!eUuliferous  surface  minutely 
fibrous :  external  layer  smooth  or  granular. 

In  ceneral  aspect  and  structural  details,  this  species  bears  a  great 
resemblance  to  Penestellafiustracea  of  the  niagoesian  limestone  of 
England  {Retepora  fiustracea,  '  GeoL  Trans.,  2nd  series,  voL  iii. 
pi.  xii.  f.  8),  but  it  differs  from  it  in  the  peculiar  character  ez- 
nibited  in  the  cast  of  the  celluliferous  surface,  the  nature  of  which 
will  be  given  in  noticing  that  surface. 

The  principal  specimen  is  a  nearly  perfect  cup  1^  inch  in  height, 
and  about  two  inches  across  the  widest,  compressed  part.  Tnere 
are  no  marked  variations  of  character,  but  occasionally,  irre^« 
larities  of  growth,  due,  apparently,  to  accidents  during  progressive 
development. 

The  following  details  have  been  obtained  from  casts,'no  perfect 
sur£Eu:e  having  been  noticed. — The  branchps  had  great  uniformitv  of 
dimensions,  swellinsr  but  very  slightly  at  the  distant  points  of  bifur- 
cation, and  their  thickness  was  apparently  nearly  equal  to  their 
breadth.  The  cast  of  the  cellular  surface  is  traversed  along  the 
centre  by  a  sharp  narrow  trench  (fossula),  with  nc arly  vertical 
sides,  the  distinguishing  character  between  this  species  and  Fen, 
/lustrarea.  The  cylindrical  casts  of  the  mouths,  or  the  interior  of 
the  cells,  are  arranged  in  a  single  row  on  each  side  of  the  trench, 
and  no  increafie  of  number  is  clearly  perceptible  at  the  bifurcations. 
Along  the  centre  of  the  trench  is  a  row  of  indentations  or  minute 
conical  pits,  a  character  noticeable  in  other  species,  particularly  in 
Fen.fiustracea,  They  are  plainly  not  casts  of  cellular  openings, 
but  of  relatively  large  papillae.  Traces  of  such  projections  have 
also  been  noticed  in  several  other  instances. 

The  mouths  of  the  cells,  in  the  minute  fragment  which  has  been 
obtained  exhibiting  them,  are  large,  round,  slightly  projecting,  and 
not  very  distant,  and  in  the  same  atom  is  an  imperfect  keeL  The 
remains  of  the  non-cellular  surfiice  exhibit  no  characters  requiring 
notice,  but  indications  of  a  striated  and  smooth  layer  have  been 
obeerved. 

The  two  specimens  which  afforded  these  structural  detulshavo 
J.  matrix  of  dark-coloured,  haid  limestone. 

HSH ITBTPA  BEXASQVLA.f  Sp.  11. 

Net-work  Jine,  hexagonal:  meshes  round  in  double  rows. 

The  coral  to  which  the  above  inefficient  characters  are  applied, 
is  imbedded  in  the  shaly  surface  of  a  dark,  hard  limestona.    It  ia 


1 84  Appendix  to  Part  I. 

ftbout  Kn  inch  id  breadth  tuid  half  an  inclt  in  height,  and  consUta  of 
two  layers  of  net-work,— one  preaendcg  quadrangular  mesbeH,  and 
the  other  huxagonal,  widi  a  round,  inner  are* ;  and  over  a  conaidep- 
aUa  part  of  the  Bpecimen,  the  quadrangular  net-work  haa  been 
removed,  wherebj  the  connerlon  of  the  two  Btnictures  is  perfectly 
espoeed. 

This  foBul  is  believed  to  agree  completely  in  its  oesential  generio 
characteie  with  those  of  Hemitrypa  ('  Pal.  Foss.  Oomwall,'  p.  27), 
but  ita  stat«  of  preaervation,  and  some  facilitiea  afforded  by  it  for 
determining  structural  detAila,  have  led  to  an  inference  respecting 
its  nature  somewhat  different  from  that  given  in  the  work  just 
quoted. 

The  inner  s«irfsce  of  fnni^;)aocu^ta({(K.cA.)ia  described  as 
'  marked  with  radiating  ridges,'  haviiu;  interrening  '  oval  deprsa- 
uons,  which  penetrate  only  half  through  the  substance  of  the  coral, 
and  nowhere  reach  the  outer  sur&ce,'  The  equivalent  portion  of 
tlie  Van  Diemen's  Land  specimen  agrees  perfectly  with  (his  stBt«- 
ment,  except  in  the  form  of  the  meshes  or  depressions ;  it  is,  how- 
ever, not  merely  'like  some  Fenestellte,'  but  it  posseaaea  all  the 
eeeendal  characters  of  (hat  genus,  and  is  beUevod  to  be  a  fragment 
of  Fen.  foutUa.  Tbia  inference  is  drawn  from  a  minute  portion 
mechanically  detached,  and  which  exhibited  a  row  of  lai^e,  round, 
projecting,  cellular  mouths.  The  external  surface  of  Hem  oculata 
IS  described  as  'wholly  covered  ^ith  nuToeroiu  round  pores  or 
cells' — '  associated  in  double  rows,'  and  the  cornjaponding  portion 
of  ^«n.  texangaia  has  been  ascertained  to  consist  also  af  a  similar 
surface  of  double  rows  of  round  meshes  or  '  pores,'  but  with  hexa- 
gonal boundaries ;  and  they  are  shown,  as  exhibited  by  the  speci- 
men in  its  imbedded  state,  to  penetrate  to  the  surface  of  the  Fene- 
atella  or  quadrangular  net-work. 

These  details  are  cooceived  tobesuiScient  to  establish  a  generic 
agreement  between  the  Van  Diemen's  Land  coral  and  littnitryita 
xmlata ;  and  an  exambation  of  an  Irish  specimen  of  that  genus 
has  fully  confirmed  the  slructuial  details  exiiibited  in  the  'inner 
surface  of  the  specimen  to  which,  provi^onally,  the  name  of  Hemi- 
trypa texangukt  is  applied. 

Of  the  true  nature  of  the  'external'  net-work  no  opinion  is 
ventured.  It  is  formed  almost  entirely  of  dark  gray,  calcareous 
matter,  filling  apparently  an  originally  cellular  structure ;  hut  there 
are  also  a  few  small  patches  of  the  outer  covering,  consisting  of  an 
opaque  white  crust  on  the  surface,  which  vras  ori^nally  in  contact 
with  the  external  net-work.  That  it  was  a  parasite  little  doubt 
is  entertained ;  and  the  interesting  agreement  between  the  space 
occupied  by  the  double  row  of  meshes,  and  that  of  the  parnllel 
branches  of  the  Fenestelln,  arises  apparently  from  the  latter  having 
afforded  suitable  base  liues  for  attachment.  In  the  Van  Diemen's 
Land  specimen,  the  agreement  is  marked  by  an  increased  breadth  in 
the  net-work,  and  by  a  row  of  projecting  points.  There  is  also  a  n^ 
markable  agreement  between  tne  arrangement  of  the  mouilis  of  the 
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Fenestella  and  the  meshes  of  the  '  inner '  net>work.  Similar  con« 
formities  are  admirably  shown  in  Mr.  Phillips's  excellent  figures 
C  Pal.  Fobs/  pi.  xiii.  f.  38). 

The  solid  portions  of  the  structure  being  exceedingly  fine,  resem- 
bling the  thread  of  the  most  delicate  lace,  attempts  to  discover  satis- 
factorily internal  characters  proved  unsuccessful,  except  in  one  i>lace, 
where  a  true  cellular  arrangement  was  believed  to  be  visible.^ 
Of  the  nature  of  the  investing  crusty  nothing  also  has  been  deter- 
mined. 

Though  the  name  Hemitrypa  mav  be  objectionable,  as  applied 
to  the  corals  under  consideration,  it  has  been  thought  right  to  re- 
tain the  word,  until  the  full  characters  of  the  genus  shall  have 
been  ascertained. 


Falhoxtth,  January  1844. 


*  A  Codrington  lens,  balf-an-inoh  in  diameter,  was  invariably 
used  in  examining  the  corals  described  in  this  notice. 
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CHAPTER  Vni. 

ON  THE  ELEVATION  OF  THE  EASTERN  COAST  OF  SOUTH 

AMERICA. 

Upraised  Shells  of  La  Plata — BaMa  BUmoa,  Sand-dunes  and  Pumi^fe* 
pehhles—Step-fornied  Plains  of  Pata^onia^  with  upraised  Shells-^ 
Terrace-hounded  Valley  of  Santa  Cruz,  formerly  a  Sea-strait — Up* 
raised  Shells  of  Tierra  del  Fuego — Length  and  breadth  of  the 
elevated  area — Equability  of  the  morementSt  as  shown  by  the  similar 
heights  of  the  plaitis — Slowness  of  the  elevatory  process — Mode  of 
formation  of  tJie  step-formed  plains — Summary — Great  Shingle 
Ihrmatutn  of  Patagonia;  its  extent,  origin,  and  distribution^^ 
Formation  of  sea-oliffs. 

In  the  following  Part,  which  treats  of  the  geology  of 
South  America,  and  almost  exclusively  of  the  parts 
southward  of  the  Tropic  of  Capricorn,  I  have  arranged 
the  chapters  according  to  the  age  of  the  deposits,  occa- 
sionally departing  from  this  order,  for  the  sake  of  geo- 
graphical simplicity. 

The  elevation  of  the  land  within  the  recent  period, 
and  the  modifications  of  its  surface  through  the  action 
of  the  sea  (to  which  subjects  I  paid  particular  attention) 
will  be  first  discussed ;  I  will  then  pass  on  to  the  tertiary 
deposits,  and  afterwards  to  the  older  rocks.  Only  those 
districts  and  sections  will  be  described  in  detail  which 
appear  to  me  to  deserve  some  particular  attention ;  and 
I  will,  at  the  end  of  each  chapter,  give  a  summary  of 
the  results.  We  will  commence  with  the  proofs  of  the 
upheaval  of  the  eastern  coast  of  the  continent,  from 
the  Rio  Plata  southward;   and,  in  the  next  chapter. 


EleveUioH  of  La  Plata. 


fellow  op  Uie  BBme  Bnbject  along  the  shorra  of  Chile  and 
Pern. 

On  tlie  nortiieni  bftnk  of  tihe  great  estnary  of  the 
Ko  Plata,  near  Maldoaado,  I  found  at  the  h^  of  a 
lake,  aometiinea  brsckuh  bat  generally  containing  fresh 
water,  a  bed  of  mnddy  clay,  tax  feet  in  thickneBa,  with 
n&merooB  shells  <tf  species  stall  existing  in  the  Plata, 
namely,  the  Axara  labiata,  d'Orbig.,  fragmenta  of 
MytUvt  edvliformu,  d'Orbig.,  RdudMtrina  Isabelleif 
d'Orlng.,  and  the  Soltm  Oanbceia,  Lam.,  which  last  was 
embedded  vertically  in  tite  position  in  which  it  had 
lived.  These  shells  lie  at  the  height  of  only  two  feet 
above  the  lake,  nor  wonld  they  hare  been  worth  mention- 
ing, except  in  connection  with  analogous  facts. 

At  Montevideo,  I  noticed  near  the  town,  and  along 
the  base  of  the  mount,  beds  of  a  living  Mytilns,  raised 
some  feet  above  the  surface  of  the  Plats  :  in  a  similar 
bed,  at  a  height  from  thirteen  to  sixteen  feet,  M.  Isabella 
collected  eight  species,  which,  according  to  M.  d'Or- 
bigny,*  now  live  at  the  month  of  the  e&tuary.  At 
Colonia  del  Sacramiento,  further  westward,  I  observed 
at  the  height  of  about  fifteen  feet  above  the  river,  there 
of  qnite  fresh  water,  a  small  bed  of  the  same  Mytilua, 
which  lives  in  brackish  water  at  Monte  Video.  Near  the 
month  of  the  Uruguay,  and  for  at  least  thirty-five  miles 
northward,  there  are  at  intervals  large  sandy  tracts, 
extending  several  miles  from  the  banks  of  the  river, 
bnt  not  raised  much  above  ita  level,  abounding  with 
small  bivalves,  which  occur  in  Bach  numbers  that  at 
the  Agraciado  they  are  aifled  and  burnt  for  lime. 
Those  which  I  examined  near  the  A.  S.  Juan  were  much 
worn ;  they  consisted  of  MwAra  Isabelld,  d'Orbig., 
mingled  with  few  of  Venuf  sinuosa,  Lam.,  both  in- 
'  '  Voyage  dani  rAmSriqae  iliriA. :  Part.  Qfclog.'  p.  21. 
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babiting,  as  I  am  iDformed  by  M.  d'Orbigny,  brackish 
water  at  the  mouth  of  the  Flt^,  nearly  or  quite  aa  Ealt 
as  the  open  sea.  The  loose  sand,  in  which  thesie  shells 
are  packed,  is  heaped  into  low,  straight,  long  lines  of 
dunes,  like  those  left  by  the  Bea  at  the  head  of  many 
bays.  M.  d'Orbigny  has  described '  an  analogous  phe- 
nomenon on  a  greater  scale,  near  San  Pedro  on  the 
river  Parana,  where  he  found  widely  extended  beds  and 
hillocks  of  sand,  with  vast  numbers  of  the  Azara 
labiala,  at  the  height  of  nearly  100  feet  (English) 
above  the  surface  of  that  river.  The  Azara  inhabits 
brackish  water,  and  is  not  known  to  be  found  nearer  to 
San  Pedro  than  Buenos  Ayres,  distant  above  100  miles 
in  a  straight  line.  Kearer  Buenos  Ayres,  on  the  road 
from  that  place  to  San  Isidro,  there  are  extensive  beds, 
as  I  am  informed  by  Sir  Woodbiue  Parish,'  of  the  Azara 
labiaia,  lying  at  about  forty  feet  above  the  level  of  the 
river,  and  distant  between  two  and  three  miles  from  it. 
These  shells  are  always  found  on  the  highest  banks  in 
the  district :  they  are  embedded  in  a  stratified  earthy 
mass,  precisely  like  that  of  the  great  Pampean  deposit 
hereafter  to  be  described.  In  one  collection  of  these 
shells,  there  were  some  valves  of  the  Venus  sinnoga. 
Lam.,  the  same  species  found  with  the  Mactra  on  the 
banks  of  the  Uruguay.  Sonth  of  Buenos  Ayres,  near 
Eueenada,  there  are  other  beds  of  the  Azara,  some  of 
which  seem  to  have  been  embedded  in  yellowish,  cal- 
careous, semi-crystalline  matter ;  and  Sir  W.  Parish 
has  given  me  from  the  banks  of  the  Arroyo  del  Tristan, 
situated  in  this  same  neighbourhood,  at  the  distance  of 
above  a  league  from  the  Plata,  a  specimen  of  a  pale- 
reddish,  calcareo-argillaceouB  stone  (precisely  like  parts 
of  the  Pampean  deposit,  the  importance  of  which  &ct 
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will  be  referred  to  in  a  succeeding  chapter),  abounding 
mth  shells  of  an  Azara,  much  worn,  bat  which  in 
general  form  and  appearance  closely  resemble,  and  are 
probably  identical  with,  the  A.  labiatoH,  Besides  these 
shells,  cellular,  highly  crystalline  rock,  formed  of  the 
casts  of  small  bivalves,  is  found  near  Ensenada ;  and 
likewise  beds  of  seanshells,  which  from  their  appearance 
appear  to  have  lain  on  the  surface.  Sir  W.  Parish  has 
given  me  some  of  these  shells,  and  M.  d'Orbigny  pro- 
nounces them  to  be. 


1.  BaocinaoopB   globnloBiim, 

d*Orbig. 
1,  Olivancillaria  aQrioalaria, 

do. 


8.  Veniu  flexnosa.  Lam. 
4.  C)'ther8Da  (imperfect). 
6.  Mactra  I<«abelici,  d*Orbig. 
6.  Ofltrea  palchella,  do. 


Besides  these,  Sir  W.  Parish  procured  *  (as  named 
by  Mr.  G.  B.  Sowerby)  the  following  shells  : — 


7.  Voluta  colocynthis. 

8.  V.         aDguLEita. 


I       9.  Bnccinnm  (not  spea  ?). 


All  these  species  (with,  perhaps,  the  exception  of 
the  last)  are  recent,  and  live  on  the  South  American 
coaiist.  These  shell-beds  extend  from  one  league  to  six 
leagues  from  the  Plata,  and  must  He  many  feet  above 
its  level.  I  heard,  also,  of  beds  of  shells  on  the  Som- 
borombon,  and  on  the  Rio  Salado,  at  which  latter 
place,  as  M.  d'Orbigny  informs  me,  the  Mactra  IsdbeUei 
and  Venus  sinuosa  are  found. 

During  the  elevation  of  the  Provinces  of  La  Plata, 
the  waters  of  the  ancient  estuary  have  but  little  affected 
(with  the  exception  of  the  sand-hills  on  the  banks  of 
the  Parana  and  Uruguay)  the  outline  of  the  land. 
M.  Parchappe,^  however,  has  described  groups  of  sand- 
dunes  scattered  over  the  wide  extent  of  the  Pampas 


■  *  Buenos  Ayres/  &c.,  by  Sir  W.  Parish,  p.  168. 
•  D'0rbigny*8  *  Voyage  G^olog.'  p.  44. 
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Bouthward  of  Buenos  Ayres,  which  M,  d'Orbigny  attri- 
butes with  much  probability  to  the  action  of  lie  sea, 
before  the  plains  were  raised  above  its  level.' 

Southward  of  the  Plata. — ^The  coast  as  far  as  Bahia 
Blanca  (in  lat.  39°  S.)  is  formed  either  of  a  horizontal 
range  of  cliffs,  or  of  immense  accamnlations  of  sand- 
dunes.  Within  Bahia  Blanca,  a  small  piece  of  tablo- 
land,  about  twenty  feet  above  high-water  mark,  called 
Fnnia  Alta,  is  formed  of  strata  of  cemented  gravel  and 
of  red  earthy  mad,  abounding  with  shells  (with  others 
lying  loose  on  the  surface),  and  the  bones  of  extinct 
mammifers.  These  shells,  twenty  in  nnmber,  together 
with  a  Balanue  and  two  corals,  are  all  recent  species, 
still  inhabiting  the  neighbouring  seas.  They  will  be 
enumerated  in  the  eleventh  Chapter,  when  describing 
the  Pampean  formation;  five  of  them  are  identical 
with  the  upraised  ones  fi^)m  near  Buenos  Ayros.  The 
northern  shore  of  Bahia  Blanca  is,  in  main  part,  formed 

'  Before  proceeding  to  thediatrictssonthiraidaf  La  Plato,  it  may 
be  worth  nhile  just  to  state,  that  there  is  some  evidence  that  the 
coast  of  Brazil  haaparticipaled  inaBmall  amaunt  olelevatioa.  Mt- 
Bnichell  infonns  me,  that  he  coltectod  at  Saotoa  (lat.  H"  S.)  oystN- 
■hells,  apparentl;  recent,  Boine  miles  from  the  shore,  and  quite  above 
tbe  tidal  action.  Westward  of  Rio  do  Janeiro.  Capt.  Elliot  is  asserted 
(see  Harlan,  ■  Med.  and  Fhjg.  Ros.,'  p.  35,  and  Dr.  Meigs,  in  '  Tians. 
AtDei.  PbiL  Soc,*),  to  have  found  human  bone^  encnutcd  with  sea- 
ahellB,  between  fifteen  and  twenty  feet  above  the  level  of  tlio  sea. 
Between  Rio  de  Janeiro  and  Uape  Frio  I  crossed  sandy  tracta 
abounding  with  sea-shellB,  at  thedislance  of  alea^e  from  the  coast; 
but  whether  these  tracts  have  been  formed  by  upheaval,  or  through 
the  mere  accumulation  of  drift  sand,  I  am  not  prepared  to  assert. 
At  Bahia  (lat.  13°  S.),  in  some  parts  near  the  coast,  there  are  traces 
of  sea-action  at  the  height  of  aboat  twenty  feet  above  fts  preeent 
level ;  there  are  also,  in  miny  partJi,  remnants  of  beds  of  sandstone 
and  conglomerate  wiih  nunieroas  recent  sheila,  raised  a  little  aixne 
tlie  sca-levcl.  I  may  add,  that  at  the  head  of  Bahia  boy  Ihere  is  a 
formation,  about  forty  feet  in  ihickncas,  containing  tertiary  sheila 
apparently  of  fresh-water  origin,  now  washed  by  the  sea  and  en- 
crusted with  Balani ;  this  appears  to  indicate  a  small  amount  of 
subsidence  subsequent  to  its  deposition.  At  Femambuco  (lat.  8° 
&.),  En  the  alluvial  or  tertiary  cliffs,  surronnding  tbe  low  land  on 
which  the  city  stands,  I  looked  in  vain  for  o^anlc  remalni,  or  othel 
evidence  of  changes  in  leveL 
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of  immense  sand-dunes,  resting  on  gravel  with  recent 
shells,  and  ranging  in  lines  parallel  to  the  shore.   These 
ranges  are  separated  from  each  other  by  flat  spaces, 
composed  of  stiff  impure  red  clay,  in  which,  at  the 
distance  of  about  two  miles  from  the  coast,  I  found  by 
digging,  a  few  minute  fragments  of  sea-shells.     The 
sand-dunes  extend  several  miles  inland,  and  stand  on  a 
plain,  which  slopes  up  to  a  height  of  between  one  and 
two  hundred   feet.      Numerous,  small,  well    rounded 
pebbles  of  pumice  lie  scattered  both  on  the  plain  and 
sand-hillocks :  at  Monte  Hermoso,  on  the  flat  summit 
of  a  cliff,  I  found  many  of  them  at  a  height  of  120  feet 
(angular    measurement)   above   the   level   of  the  sea. 
These  pumice  pebbles,  no  doubt,  were  originally  brought 
down  from  the  Cordillera  by  the  rivers  which  cross  the 
continent,  in  the  same  way  as  the  river  Negro  anciently 
brought  down,  and  still  brings  down,  pumice,  and  as 
the  river  Chupat  brings  do\vn  scoriae  :  when  once  de- 
livered at  the  mouth  of  a  river,  they  would  naturally 
have  travelled  along  the  coasts,  and  been  cast  up,  dur- 
ing the  elevation  of  the  land,  at  different  heights.     The 
origin  of  the  argillaceous   flats,   which    separate  the 
parallel  ranges  of  sand-dunes,  seems  due  to  the  tides 
here  having  a  tendency  (as  I  believe  they  have  on  most 
shoal-protected  coasts)  to  throw  up  a  bar  parallel  to 
the  shore,  and   at   some   distance   from  it ;    this   bar 
gradually   becomes    larger,    affording    a   base  for  the 
accumulation   of    sand-dunes,   and   the   shallow   space 
within  then  becomes  silted  up  with  mud.     The  repe- 
tition of  this  process,  without  any  elevation  of  the  land, 
would  form  a  level  plain  traversed  by  parallel  lines  of 
Band-hillocks ;  during  a  slow  elevation  of  the  land,  the 
hillocks  would  rest  on  a  gently  inclined  surface,  like 
that  on  the  northern  shore  of  Bahia  Blanca.     I  did  not 
observe  any  shells  in  this  neighbourhood  at  a  greater 
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height  than  twenty  feet ;  and  therefore  the  ^e  of  the 
Bea-drifted  pebbles  of  pumice,  now  standing  at  the  height 
of  120  feet,  mnst  remain  uncertain. 

The  main  plain  suironnding  Bahia  Blanca  I  esti- 
mated at  from  200  to  300  feet;  it  insensibly  rises 
towards  the  distant  Sierra  Yentana.  There  are  in  this 
neighbourhood  some  other  and  lower  plains,  but  they 
do  not  abut  one  at  the  foot  of  the  other,  in  the  manner 
hereafter  to  be  described,  so  characteristic  of  Patagonia. 
The  plain  on  which  the  settlement  stands  is  crossed  by 
many  low  eand-dnnes,  abounding  with  the  minute  shells 
of  the  Paivdestrina  aiietralU,  dOrbig.,  which  now  lives 
in  the  bay.  This  low  plain  is  bounded  to  the  south, 
at  the  Gabeza  del  Bney,  by  the  cliff-formed  margin 
of  a  wide  plain  of  the  Pampean  formation,  which  I 
estimated  at  sixty-feet  in  height.  On  the  snmmit  of 
this  cliff  there  is  a  range  of  high  sand-dunes  extending 
several  miles  in  an  east  and  west  line. 

Southward  of  Bahia  Blanca,  the  river  Colorado 
flows  between  two  plains,  apparently  from  thirty  to 
forty  feet  in  height.  Of  these  plains,  the  southern  on© 
slopes  up  to  the  foot  of  the  great  sandstone  platean  of 
the  Bio  Negro ;  and  the  northern  one  against  an  escarp- 
ment of  the  Pampean  deposit;  so  that  the  Colorad, 
flows  in  a  valley  fifty  miles  in  width,  between  the  upper 
escarpments.  I  state  this,  because  on  the  low  plain  at 
the  foot  of  the  northern  escarpment,  I  crossed  an  im- 
mense accumulation  of  high  sand-dunes,  estimated  by 
the  Gauchos  at  no  less  than  eight  miles  in  breadth. 
These  dunes  range  westward  from  the  coast,  which  is 
twenty  miles  distant,  to  far  inland,  in  lines  parallel  to 
the  valley ;  they  are  separated  from  each  other  by 
argillaceous  flats,  precisely  like  those  on  the  northern 
flhore  of  Bahia  Blanca.  At  present  there  is  no  source 
whence  this  immense  accumulation  of  sand  conld  pro- 
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C5eed ;  but  if,  as  I  believe,  the  upper  escarpments  once 
formed  the  shores  of  an  estnarv,  in  that  case  the  sand- 
stone  fonnation  of  the  river  Xesnro  would  have  afforded 
an  inexhaustible  supply  of  sand,  which  would  naturally 
have  accumulated  on  the  northern  shore,  as  on  every 
part  of  the  coast  open  to  the  south  winds  between  Bahia 
Blanca  and  Buenos  Ayrea. 

At  San  Bias  (40^  40'  S.),  a  little  south  of  the 
mouth  of  the  Colorado,  M.  d'Orbigny '  found  fourteen 
species  of  existing  shells  (six  of  them  identical  with 
those  from  Bahia  Blanca),  embedded  in  their  natural 
positions.  Prom  the  zone  of  depth  which  these  shells 
are  known  to  inhabit,  they  must  have  been  uplifted 
thirty-two  fert.  He  also  found,  at  frt>m  fifteen  to 
twenty  feet  above  this  bed,  the  remains  of  an  ancient 
beach. 

Ten  miles  southward,  but  120  miles  to  the  west,  at 
Port  S.  Antonio,  the  Officers  employed  on  the  Survey 
assured  me  that  they  saw  many  old  sea-shells  strewed 
on  the  surface  of  the  ground,  similar  to  those  found  on 
other  parts  of  the  coast  of  Patagonia.  At  San  Josef, 
ninety  miles  south  in  nearly  the  same  longitude,  I  found, 
above  the  gravel,  which  caps  an  old  tertiary  forma- 
tion, an  irregular  bed  and  hillocks  of  sand,  several  feet 
in  thickness,  abounding  with  shells  of  Patella  deaurUa^ 
Mytihis  Ma^ellanicus^  the  latter  retaining  much  of  its 
colour ;  F2is>is  ^fagelhlnicusJ  (and  a  variety  of  the  same) 
and  a  large  Balanus  (probably  B,  Talipa),  all  now  found 
on  this  coast :  I  estimated  this  bed  at  from  eighty  to 
one  hundred  feet  above  the  level  of  the  sea.  To  the 
westward  of  this  bay,  there  is  a  plain  estimated  at  be- 
tween 200  and  300  feet  in  height :  this  plain  seems, 
from  many  measurements,  t  >  be  a  continuation  of  the 
sandstone    platform   of  the   river   Negro.      The   next 

*  ♦  Voyage/  &c.  p.  54. 


CHAP.  vin.       Elevation  of  Patagonia.  197 

place  southward,  where  I  landed,  was  at  Port  Desire, 
340  miles  distant ;  but  from  the  intermediate  districts 
I  received,  through  the  kindness  of  the  OflScers  of  the 
Survey,  especially  from  Lieut.  Stokes  and  Mr.  King, 
many  specimens  and  sketches,  quite  suflScient  to  show 
the  general  uniformity  of  the  whole  line  of  coast.  I 
may  here  state,  that  the  whole  of  Patagonia  consists  of 
a  tertiary  formation,  resting  on  and  sometimes  sur- 
rounding hills  of  porphyry  and  quartz :  the  surface  is 
worn  into  many  wide  valleys  and  into  level  step-formed 
plains,  rising  one  above  another,  all  capped  by  irregular 
beds  of  gravel,  chiefly  composed  of  porphyritic  rocks. 
This  gravel  formation  will  be  separately  described  at 
the  end  of  the  chapter. 

^  My  object  in  giving  the  following  measurements 
of  the  plains,  as  taken  by  the  OflScers  of  the  Survey, 
is,  as  will  hereafter  be  seen,  to  show  the  remarkable 
equability  of  the  recent  elevatory  movements.  Bound 
the  southern  parts  of  Naevo  Gulf,  as  far  as  the  River 
Chupat,  (seventy  miles  southward  of  San  Josef)  there 
appear  to  be  seveml  plains,  of  which  the  best  defined 
are  here  represented. 

No.  1ft. 

Section  of  8te]>-fonne(l  Plains  Soath  of  Naevo  Gait 

850  ft  An.  M.              200-220  An.  M.  80  Est. 
V j 


"\ 

West  • ^  Etit 

Lerel  of  sea.    Scale  ^  of  inch  to  100  feet  rerticaL 

N.B.— An.  M.  always  Rtan«ls  for  angnlar  or  trigonometrical  meatarement. 
Ba.  M.  ,,  barometrical  measurement. 

Est  M  estimation  by  the  Office»  of  the  Sorvey. 

The  upper  plain  is  here  well  defined  (called  Table 
Hills)  ;  its  edge  forms  a  cliff  or  line  of  escarpment 
many  miles  in  length,  projecting  over  a  lower  plain. 
The  lowest  plain  corresponds  with  that  at  San  Josef 
with   the  recent  shells  on  its  surface.      Between  this 


"■■ 
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lowest  and  the  uppermost  plain,  there  is  probably  more 
than  one  step-formed  terrace:  several  measurements 
show  the  existence  of  the  intermediate  one  of  the  height 
given  in  the  diagram. 

Near  the  north  headland  of  the  great  Bay  of  St. 
George  (100  miles  south  of  the  Chupat),  two  well 
marked  plains  of  250  and  330  feet  were  measured : 
these  are  said  to  sweep  round  a  great  part  of  the  Bay. 
At  its  south  headland,  120  miles  distant  from  the  north 
headland,  the  250  feet  plain  was  again  measured.  In 
the  middle  of  the  bay,  a  higher  plain  was  found  at 
two  neighbouring  places  (Tilli  Roads  and  C.  Marques) 
to  be  580  feet  in  height.  Above  this  plain,  towards 
the  interior,  Mr.  Stokes  informs  me  that  there  were 
several  other  step  formed  plains,  the  highest  of  which 
was  estimated  at  1,200  feet,  and  was  seen  ranging  at 
apparently  the  same  height  for  150  miles  northward. 
All  these  plains  have  been  worn  into  great  valleys  and 
much  denuded.  The  following  section  is  illustrative  of 
the  general  structure  of  the  great  Bay  of  St.  George. 

No.  16. 
Section  of  Plains  in  the  Bay  of  St  George. 

1^00  feet  Est.       Not  measured. 

-v.... 

V 580  An.  M.  330  An.  M.  260  An.  M. 

\         i 

\a 


Level  of  sea.    Scale  -^  of  Inch  to  100  feet  verticaL 

At  the  south  headland  of  the  Bay  of  St.  George  (near 
C.  Three  Points)  the  250  plain  is  very  extensive.  At 
Port  Desire  (forty  miles  southward)  I  made  several 
measurements  with  the  barometer  of  a  plain,  which 
extends  along  the  north  side  of  the  port  and  along  the 
open  coast,  and  which  varies  from  245  to  255  feet  in 
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height :  this  plain  abuts  against  the  foot  of  a  higher 
plain  of  330  feet,  which  extends  also,  far  northward 
along  the  coast,  and  likewise  into  the  interior.  In  the 
distance  a  higher  inland  platform  was  seen,  of  which 
do  not  know  the  height.  In  three  separate  places,  I 
observed  the  cliff  of  the  245-255  feet  plain,  fringed  by 
a  terrace  or  narrow  plain  estimated  at  about  100  feet 
in  height.  These  plains  are  represented  in  the  fol- 
lowing section : — 

No.  17. 
Section  of  Plains  at  Port  Desirei 

> .      100  ft.  a*. 


Not  Measured. 


\ 
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In  many  places,  even  at  the  distance  of  three  and 
four  miles  from  the  coast,  I  found  on  the  gravel-capped 
surface  of  the  245-255  feet,  and  of  the  330  feet  plain, 
shells  of  Mytilus  Ma^jeWinicm,  M,  edulis,  Pcvtslla 
deaurita,  and  another  Patella,  too  much  worn  to  be 
identified,  but  apparently  similar  to  one  found  abun- 
dantly adhering  to  the  leaves  of  the  kelp.  These 
species  are  the  commonest  now  living  on  this  coast. 
The  shells  all  appeared  very  old :  the  blue  of  the 
mussels  was  much  faded  ;  and  only  traces  of  colour 
could  be  perceived  in  the  Patellas,  of  which  the  outer 
surfaces  were  scaling  off.  They  lay  scattered  on  the 
smooth  surface  of  the  gravel,  but  abounded  most  in 
certain  patches,  especially  at  the  heads  of  the -smaller 
valleys  :  they  generally  contained  sand  in  their  insides ; 
and  I  presume  that  they  have  been  washed  by  alluvial 
action  out  of  thin  sandy  layers,  traces  of  which  may 
sometimes   be  seen  covering  the  gravel.     The  several 
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plains  have  very  level  sor&ces ;  bat  all  are  scooped  oat 
by  nnmeroas,  broad,  winding,  flat-bottomed  valleys,  in 
which,  jndging  from  the  bashes,  streams  never  flow. 
These  remarks  on  the  state  of  the  shells,  and  on  the 
nature  of  the  plains,  apply  to  the  following  cases,  so 
need  not  be  repeated. 

Southward  of  Port  Desire,  the  plains  have  been 
greatly  denuded,  with  only  small  pieces  of  table-land 
marking  their  former  extension.  But  opposite  Bird  Is- 
land, two  considerable  step-formed  plains  were  measured, 
and  found  respectively  to  be  350  and  590  feet  in  height. 
This  latter  plain  extends  along  the  coast  close  to  Port 
St.  Jalian  (110  miles  south  of  Port  Desire) ;  where  we 
have  the  following  section : — 


950  ft.  Aa  M. 

No.  18. 
Section  of  Plains  at  Port  St  Julian. 

\                660  An.  M.                             .      „ 
\                                                       430  An.  M. 

• 

11 

11 

\ 

• 

— ^ 

Levd  of  sea.    Scale  ^  of  Inch  to  100  fe€t  verticaL 

The  lowest  plain  was  estimated  at  ninety  feet :  it  is 
remarkable  from  the  usual  gravel-bed  l^eing  deeply 
worn  into  hollows,  which  are  611ed  up  with,  as  well  as 
the  general  surface  covered  by,  sandy  and  reddish  earthy 
matter  :  in  one  of  the  hollows  thus  filled  up,  the  skeleton 
of  the  Macrauchenia  Patarh/nica^  as  will  hereafter  be 
described,  was  embedded.  On  the  surface  and  in  the 
upper  parts  of  this  earthy  mass,  there  were  numerous 
shells  of  Mi/tilus  Ma/fellaniais  and  ^f.  eduJis^  Patella 
deauritn^  and  fragments  of  other  species.  This  plain 
is  tolerably  level,  but  not  extensive  ;  it  forms  a  pro- 
montory seven  or  eight  miles  long,  and  three  or  four 
wide.     The  upper  plains  in  the   above  diagram  were 
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measured  by  the  Officers  of  the  Survey ;  they  were  all 
capped  by  thick  beds  of  gravel,  and  were  all  more  or 
less  denuded :  the  950  plain  consists  merely  of  separate, 
truncated,  gravel-capped  hills,  two  of  which,  by  measure- 
ment, were  found  to  differ  only  three  feet.  The  430 
feet  plain  extends,  apparently  with  hardly  a  break,  to 
near  the  northern  entrance  of  the  Rio  Santa  Cruz  (fifty 
miles  to  the  south) ;  but  it  was  there  found  to  be  only 
330  feet  in  height. 

On  the  southern  side  of  the  mouth  of  the  Santa  Cruz 
we  have  the  following  section,  which  I  am  able  to  give 
with  more  detail  than  in  the  foregoing  cases : — 

Nal9. 
Seotion  of  Plains  at  the  mouth  of  the  Bio  Santa  Cmi. 
840  ft  An.  M.  710  An.  3L 


S  €d 


— \    -i     g 
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The  plain  marked  355  feet  (as  ascertained  by  the 
barometer  and  by  angular  measurement)  is  a  continua- 
tion of  the  above-mentioned  330  feet  plain :  it  extends 
in  a  NW.  direction  along  the  southern  shores  of  the 
estuary.  It  is  capped  by  gravel,  which  in  most  parts  is 
covered  by  a  thin  bed  of  sandy  earth,  and  is  scooped  out 
by  many  flat-bottomed  valleys.  It  appears  to  the  eye 
quite  level,  but  in  proceeding  in  a  SSW.  course,  towards 
an  escarpment  distant  about  six  miles,  and  likewise 
ranging  across  the  country  in  a  NW.  line,  it  was  found 
to  rise  at  first  insensibly,  and  then  for  the  last  half  mile, 
sensibly,  close  up  to  the  base  of  the  escarpment:  at 
this  point  it  was  463  feet  in  height,  showing  a  rise  of 
108  feet  in  the  six  miles.  On  this  355  to  463  feet 
plain,  I  found  several  shells  of  MytUus  MageUanicus 
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and  of  a  Mytilus,  which  Mr.  Sowerby  informs  me  is  yet 
nnnamed,  though  well  known  as  recent  on  this  coast ; 
PateUa  deaurita;  Fusus^  I  believe,  MageUanicus,  but 
the  specimen  has  been  lost ;  and  at  the  distance  of  fcnr 
miles  from  the  coast,  at  the  height  of  about  400  feet, 
there  were  fragments  of  the  same  Patella  and  of  a 
Voluta  (apparently  F.  anciUa)  partially  embedded  in 
the  superficial  sandy  earth.  All  these  shells  had  the 
same  ancient  appearance  with  those  from  the  foregoing 
localities.  As  the  tides  along  this  part  of  the  coast 
rise  at  the  Syzygal  period  forty  feet,  and  therefore  fonn 
a  well-marked  beach-line,  I  particularly  looked  out  for 
ridges  in  crossing  this  plain,  which,  as  we  have  seen, 
rises  108  feet  in  about  six  miles,  but  I  could  not  see 
any  traces  of  such.  The  next  highest  plain  is  710  feet 
above  the  sea;  it  is  very  narrow,  but  level,  and  is 
capped  with  gravel ;  it  abuts  to  the  foot  of  the  8 10 
feet  plain.  This  summit-plain  extends  as  far  as  the 
eye  can  range,  both  inland  along  the  southern  side  ot 
the  valley  of  the  Santa  Cruz,  and  southward  along  the 
Atlantic. 

Tlie  Valley  of  the  R,  Santa  Gruz, — This  valley  runs 
in  an  east  and  west  direction  to  the  Cordillera,  a  dis- 
tance of  about  160  miles.  It  cuts  through  the  great 
Patagonian  tertiary  formation,  including,  in  the  upper 
half  of  the  valley,  immense  streams  of  basaltic  lava, 
which,  as  well  as  the  softer  beds,  are  capped  by  gravel ; 
and  this  gravel,  high  up  the  river,  is  associated  with  a 
vast  boulder  formation.*  In  ascending  the  valley,  the 
plain  which  at  the  mouth  on  the  southern  side  is  355 
feet  high,  is  seen  to  trend  towards  the  corresponding 
plain  on  the  northern  side,  so  that  their  escarpments 
appear  like  the  shores  of  a  former  estuary,  larger  than^ 

*  I  have  described  this  formation  in  a  paper  in  the  *  Geological 
Transactions,'  yoL  vi.  p.  415. 
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the  existing  one  :  the  escarpments,  also,  of  the  840  feet 
summit-plain  (with  a  corresponding  northern  one, 
which  is  met  with  some  way  up  the  valley),  appear  like 
the  shores  of  a  still  larger  estuary.  Farther  up  the  val- 
ley, the  sides  are  bounded  throughout  its  entire  length 
by  level,  gravel-capped  terraces,  rising  above  each  other 
in  steps.  The  width  between  the  upper  escarpments  is 
on  an  average  between  seven  and  ten  miles ;  in  one 
spot,  however,  where  cutting  through  the  basaltic  lava, 
it  was  only  one  mile  and  a  half.  Between  the  escarp- 
ments of  the  second  highest  terrace  the  average  width 
is  about  four  or  five  miles-  The  bottom  of  the  valley, 
at  the  distance  of  110  miles  from  its  mouth,  begins 
sensibly  to  expand,  and  soon  forms  a  considerable  plain, 
440  feet  above  the  level  of  the  sea,  through  which  the 
river  flows  in  a  gut  from  twenty  to  forty  feet  in  depth. 
1  here  found,  at  a  point  of  140  miles  from  the  Atlantic, 
and  seventy  miles  from  the  nearest  creek  of  the  Pacific, 
at  the  height  of  410  feet,  a  very  old  and  worn  shell  of 
Patella  deaurita.  Lower  down  the  valley,  105  miles 
from  the  Atlantic  (long.  71®  W.),  and  at  an  elevation 
of  about  300  feet,  I  also  found,  in  the  bed  of  the  river, 
two  much  worn  and  broken  shells  of  the  Valuta  andUa^ 
still  retaining  traces  of  their  colours ;  and  one  of  the 
Patella  deaurita.  It  appeared  that  these  shells  had 
been  washed  from  the  banks  into  the  river ;  considering 
the  distance  from  the  sea,  the  desert  and  absolutely 
unfrequented  character  of  the  country,  and  the  very 
ancient  appearance  of  the  shells  (exactly  like  those 
found  on  the  plains  nearer  the  coast),  there  is,  I  think, 
no  cause  to  suspect  that  they  could  have  been  brought 
here  by  Indians. 

The  plain  at  the  head  of  the  valley  is  tolerably 
level,  but  water-worn,  and  with  many  sand-dunes  on  it 
like  those  on  a  sea-coast.     At  the  highest  point  to  which 
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we  Moeiided,  il  WM  utom  miks  vide  in  a  noKdiand 
aoutli  line ;  md  fcr^-five  miles  in  length  in  en  eert 
endwestliiia  li  is  buvdoed  faj  the  eempmenta^  one 
sbove  the  oAer,  of  two  plains,  wliicii  diieige  as  tlief 
ajqiroech  the  CocdiDen,  and  eonaeqnmtly  leaemUe^  at 
two  levels,  the  shores  of  great  bays  ftdng  the  moon- 
tains;  and  theae  mnontaina  are  breached  in  firont  of  the 
lower  plain  bj  a  remarkable  g^  Hie  Yalkj,  tfaerdbre, 
of  the  Santa  Cms  consists  of  a  stiaigfat  broad  cnt^ 
about  ninety  milea  in  length,  bordered  by  gravelrcapped 
temoes  and  plains,  the  escarpments  of  which  at  both 
ends  diveige  or  expand,  one  over  the  other,  after-the 
manneroftheshoresof  great  bays*  Bearing  in  mind 
this  pecaliar  firm  of  the  land — the  ssnd-donea  on  the 
plain  at  the  head  of  the  valley — the  gap  in  the  Cordil- 
lera, in  front  of  it — the  presence  in  two  places  of  very 
ancient  shells  of  existing  species — and  lastly,  the  cir- 
cumstance of  the  355  to  453  feet  plain,  with  the 
numerous  marine  remains  on  its  surface,  sweeping  from 
the  Atlantic  coast,  far  up  the  valley,  I  think  we  must 
admit,  that  within  the  recent  period,  the  course  of  the 
Santa  Craz  formed  a  sea-strait  int^ersecting  the  con- 
tinent. At  this  period,  the  southern  part  of  South 
America  consisted  of  an  archipelago  of  islands  360 
miles  in  a  N.  and  S.  line.  We  shall  presently  see,  that 
two  other  straits  also,  since  closed,  then  cut  through 
Tierra  del  Fuego;  I  may  add,  that  one  of  them  must 
at  that  time  have  expanded  at  the  foot  of  the  Cordillera 
into  a  great  bay  (now  Otway  Water)  like  that  which 
formerly  covered  the  440  feet  plain  at  the  head  of  the 
Santa  Cruz. 

I  have  said  that  the  valley  in  its  whole  course  is 
bordered  by  gravel-capped  plains.  The  following  sec- 
tion, supposed  to  be  drawn  in  a  N.  and  S.  line  across 
the  valley,  can  scarcely  be  considered  as  more  than 
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illustrative;  for  during  our  hurried  ascent  it  was  im- 
possible to   measure  all   the  plains  at  any  one  place. 

No.  30. 

North  and  Soatli  Section  across  the  Terraces  bounding  the  Valley  of 
the  Hirer  Santa  Cmz,  high  up  ita  coarse. 

A  soatK  A  north. 

^"V  Bi.  Bu. 

^     ■  V     Cs. 


D8. 


B.       Bn.     On. 


X 


1,133  ft  869  ft. 


630  ft. 


Bed  of 
river. 


639  ft. 


86i)  ft. 


1,133  ft. 


The  height  of  each  terrace  aboro  the  levd  of  the  river,  is  shown  by  the  number 
under  it  Vertical  scale  ^  of  inch  to  a  100  feet ;  but  terrace  E  being  only 
twenty  feet  above  the  river,  has  necesjarily  been  raised.  Thu  horizontal  dis- 
tances much  contracted ;  the  distance  from  the  edge  of  A  n.  to  A  s.  being  on  an 
average  from  seven  to  ten  miles. 

/ 

At  a  point  nearly  midway  between  the  Cordillera  and 
the  Atlantic,  I  found  the  plain  (A  north)  1,122  feet 
above  the  river ;  all  the  lower  plains  on  this  side  were 
here  united  into  one  great  broken  cliff:  at  a  point 
sixteen  miles  lower  down  the  stream,  I  found  by 
measurement  and  estimation  that  B  (n)  was  869  above 
the  river:  very  near  to  where  A  (ii)  was  measured, 
C  (71)  was  639  above  the  same  level :  the  terrace  D  (n) 
was  nowhere  measured :  the  lowest  E  {11)  was  in  many 
places  about  twenty  feet  above  the  river.  These  plains 
or  terraces  were  best  developed  where  the  valley  was 
widest;  the  whole  five,  like  gigantic  steps,  occurred 
together  only  at  a  few  points.  The  lower  terraces  are 
less  continuous  than  the  higher  ones,  and  appear  to  be 
entirely  lost  in  the  upper  third  of  the  valley.  Terrace 
C  (s),  however,  was  traced  continuously  for  a  great 
distance.  The  terrace  B  (w),  at  a  point  of  fitty-five 
miles  from  the  mouth  of  the  river,  was  four  miles  in 
width ;  higher  up  the  valley  this  terrace  (or  at  least 
the  second  highest  one,  for  I  could  not  alwayp  trace  it 
continuously)  was  about  eight  miles  wide.     This  second 
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plain  was  generally  wider  than  the  lower  ones — aa 
indeed  follows  from  the  valley  from  A  (n)  to  A  (») 
being  generally  nearly  double  the  width  from  B  (n) 
to  B  (s).  Low  down  the  valley,  the  summit-plain  A  (s) 
is  continuous  with  the  840  feet  plain  on  the  coast,  but  it 
is  soon  lost  or  unites  with  the  escarpment  of  B  {s). 
The  corresponding  plain  A  (^t),  on  the  north  side  of  the 
valley,  appears  to  range  continuously  from  the  Cordil- 
lera to  the  head  gf  the  present  estuary  of  the  S.  Cruz, 
where  it  trends  northward  towards  Port  St.  Julian. 
Near  the  Cordillera  the  summit-plain  on  both  sides  of 
the  valley  is  between  8,200  and  8,300  feet  in  height ; 
at  100  miles  from  the  Atlantic,  it  is  1,416  feet,  and  on 
the  coast  840  feet,  all  above  the  sea-beach ;  so  thatj  iu 
a  distance  of  100  miles  the  plain  rises  576  feet,  and 
much  more  rapidly  near  to  the  Cordillera.  The  lower 
terraces  B  and  C  also  appear  to  rise  as  they  run  up  the 
valley;  thus  D  (n),  measured  at  two  points  twenty- 
four  miles  apart,  was  found  to  have  risen  185  feet. 
From  several  reasons  I  suspect,  that  this  gradual 
inclination  of  the  plains  up  the  valley,  has  been  chiefly 
caused  by  the  elevation  of  the  continent  in  mass, 
having  been  the  greater  the  nearer  to  the  Cordillera. 

All  the  terraces  arp  capped  with  well-rounded  gravel, 
which  rests  either  on  the  denuded  and  sometimes 
furrowed  surface  of  the  soft  tertiary  deposits,  or  on  the 
basaltic  lava.  The  difference  in  height  between  some 
of  the  lower  steps  or  terraces  seems  to  be  entirely 
owing  to  a  difference  in  the  thickness  of  the  capping 
gravel.  Furrows  and  inequalities  in  the  gravel,  where 
such  occur,  are  filled  up  and  smoothed  over  with  sandy 
earth.  The  pebbles,  especially  on  the  higher  plains, 
are  often  whitewashed,  and  even  cemented  together  by 
a  white  aluminous  substance ;  and  I  occasionally  found 
this  to  be  the  case  with  the  gravel  on  the  terrace  D. 
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I  coald  not  perceive  any  trace  of  a  similar  deposi- 
tion on  the  pebbles  now  thrown  up  by  the  river,  and 
therefore  I  do  not  think  that  terrace  D  was  river- 
formed.  As  the  terrace  E  generally  stands  about 
twenty  feet  above  the  bed  of  the  river,  my  first  impres- 
sion was  to  doubt  whether  even  this  lowest  one  could 
have  been  so  formed  ;  but  it  should  always  be  borne  in 
mind,  that  the  horizontal  upheaval  of  a  district,  by  in- 
creasing the  total  descent  of  the  streams,  will  always 
tend  to  increase,  first  near  the  sea-coast  and  then 
farther  and  farther  up  the  valley,  their  corroding  and 
deepening  powers:  so  that  an  alluvial  plain,  formed 
almost  on  a  level  with  a  stream,  will,  after  an  elevation 
of  this  kind,  in  time  be  cut  through,  and  left  standing 
at  a  height  never  again  to  be  reached  by  the  water. 
With  respect  to  the  three  upper  terraces  of  the  S.  Cruz, 
I  think  there  can  be  no  doubt,  that  they  were  modelled 
by  the  sea,  when  the  valley  was  occupied  by  a  strait,  in 
the  same  manner  (hereafter  to  be  discussed),  as  the 
greater,  step-formed,  shell-strewed  plains  along  the 
coast  of  Patagonia. 

To  return  to  the  shores  of  the  Atlantic  the  840 
feet  plain,  at  the  mouth  of  the  Santa  Cruz,  is  seen  ex« 
tending  horizontally  far  to  the  south ;  and  I  am  in- 
formed by  the  Ofiicers  of  the  Survey,  that  bending  round 
the  head  of  Coy  Inlet  (sixty-five  miles  southward),  it 
trends  inland.  Outliers  of  apparently  the  same  height 
are  seen  forty  miles  farther  south,  inland  of  the  river 
Gallegos;  and  a  plain  comes  down  to  Cape  Gregory 
(thirty-five  miles  southward),  in  the  Strait  of  Magellan, 
which  was  estimated  at  between  800  and  1,000  feet 
in  height,  and  which,  rising  towards  the  interior,  is 
capped  by  the  boulder  formation.  South  of  the  Strait 
of  Magellan,  there  are  large  outlying  masses  of  appa* 
rently  the  same  great  table-land,  extending  at  intervals 
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along  the  eastern  coast  of  Tierra  del  Fuego:  at  two 
places  here,  110  miles  apart,  this  plain  was  found  to  be 
950  and  970  feet  in  height. 

From  Coy  Inlet,  where  the  high  enmrnib-plain 
trends  inland,  a  plain  estiraated  at  850  feet  in  height, 
extends  for  forty  miles  to  the  river  Gallegoe.  From 
this  point  to  the  Strait  of  M^^llan,  and  on  each  side 
of  that  Strait,  the  country  has  been  much  denuded  and 
is  less  level.  It  consists  chiefly  of  the  boulder  forma- 
tion, which  rises  to  a  height  of  between  150  and  250 
feet,  and  is  often  capped  by  beds  of  gravel.  At  N.S. 
Gracia,  on  the  north  side  of  the  Inner  Narrows  of  the 
Strait  of  Magellan,  I  fonnd  on  the  summit  of  a  cliS", 
1 60  feet  in  height,  shells  of  existing  PatellEe  and  Mytili, 
scattered  on  the  sarface  and  partially  embedded  in 
earth.  On  the  eastern  coast,  also,  of  Tierra  del  Fuego, 
in  latitude  53°  20'  S.,  I  found  many  Mytili  on  some 
level  land,  estimated  at  200  feet  in  height.  Anterior 
to  the  elevation  attested  by  these  shells,  ib  is  evident 
by  the  present  form  of  the  land,  and  by  the  distribution 
of  the  great  erratic  boulders '  on  the  surface,  that  two 
sea-channels  connected  the  Strait  of  Magellan  both 
with  Sebastian  Bay  and  with  Otway  Water, 

Gonclvditig  remwrks  on  the  recent  elevation  of  Ihe 
toutk-eastem  coasts  of  America,  and  on  ike  action  of 
the  sea  on  the  land. — Upraised  shells  of  species,  still  ex- 
isting as  the  commonest  kinds  in  the  adjoining  sea,  occur, 
as  we  have  seen,  at  heights  of  between  a  few  feet  and  410 
feet,  at  intprvala  from  latitude  33°  40'  to  53°  20'  South. 
This  is  a  distance  of  1,180  geographical  miles — about 
equal  from  London  to  the  North  Cape  of  Sweden.  As 
the  boulder  formation,  extends  with  nearly  the  sama 
height  150  miles  south  of  53°  20',  the  most  southern 
point  where  1  landed  and  found  upraised  sheila;  and 
'  '  Geolog.  Transact  ions,'  toL  vi,  p.  419. 
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as  the  level  Pampas  ranges  many  hnndred  miles  north- 
ward of  the  point,  where  M.  d'Orbigny  found  at  the 
height  of  100  feet  beds  of  the  Azara,  the  epaca  in  a 
north  and  south  line,  which  has  been  uplifted  within 
the  recent  period,  must  have  been  mnch  above  the 
1 ,180  milea.  By  the  term  '  recent,'  I  refer  only  to  that 
period  within  which  the  now  living  mollnaca  were 
called  into  existence ;  for  it  wiJlbe  seen  in  the  eleventb 
Chapter,  that  both  at  Bahia  Blanca  and  P.  S.  Julian,  the 
mammiferoua  quadmpeds  which  co-existed  with  these 
ehellfi  belong  to  extinct  species.  I  have  said  that  the 
npraised  shells  were  found  only  at  intervals  on  this  line 
of  coast,  bat  this  in  all  probability  may  be  attributed 
to  my  not  having  landed  at  the  intermediate  points ; 
for  wherever  I  did  land,  with  the  exception  of  the 
river  Negro,  shells  were  found :  moreover,  the  shells 
are  strewed  on  plains  or  terraces,  which,  as  we  shall-, 
immediately  Bee,  extend  for  great  distances  with  a  * 
uniform  height.  I  ascended  the  higher  plains  only  in 
a  few  places,  owing  to  the  distance  at  which  their 
escarpments  genemlly  range  from  the  coast,  so  that  I 
am  far  from  knowing  that  410  feet  is  the  maximum  of 
elevation  of  these  upraised  remaiaa.  The  shells  are 
those  now  most  abundant  in  a  living  state  in  the 
adjoining  sea.'  All  of  them  have  an  ancient  appeal^ 
ance ;  bat  some,  especially  the  mussels,  although  lying 
fully  exposed  to  the  weather,  retain  to  a  considerable 
extent  their  colours :  this  circnmstance  appears  at  first 
surprising,  but  it  is  now  known  that  the  colonring 
principle  of  the  Mytilns  is  so  enduring,  that  it  is  pre- 
served when  the  shell  itself  is  completely  disintegrated,* 

'  Capt.  Ring, 'Toj^es  of  AdTeDtore  and  Beagle,' voL  L  pp.  0 
kndl33. 

'  See  Mr,  Lyell's  '  Proo'e  ol  a  Orodoal  Rising  in  Sweden,*  in  tha 
•Philosoph.  Transact.' 163e,  p.  1.  See  t^aa  Mi.  Bmith,  gf  Joidao 
Hill,  in  tbe  '  Edin.  New  Phil.  Joamal,'  *oL  ixr.  p.  393. 
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Ucjot  of  the  sheQs  are  broken ;  I  oowhere  found  two 
▼alrefl  imita] ;  the  fra^ents  are  not  roanded,  at  least 
in  none  of  the  specimens  which  I  brought  home. 

With  respect  to  the  breadth  of  the  npraiged  area  in 
an  east  and  west  line,  we  know  from  the  shells  fonnd  at 
the  inner  Narrows  of  the  Strait  of  Magellan,  that  the 
entire  width  of  the  plain,  althongh  there  rerj  narrow, 
has  been  elevated.  It  ia  probable  that  in  this  eonthem- 
moet  part  of  the  continent,  the  movement  has  extended 
nnder  the  sea  far  eastward ;  iar  at  the  Falkland  Islands, 
tiioogh  I  could  not  find  any  shells,  the  bones  of  whales 
have  been  noticed  by  several  competent  observers,  Ijring 
on  the  land  at  a  considerable  distance  from  the  sea,  and 
at  the  height  of  some  hundred  feet  above  it'  More- 
over, we  know  that  in  Tierra  del  Faego  the  bonlder  foiw 
mation  has  bfen  uplifted  within  the  recent  period,  and  a 
•  similar  formation  occurs'  on  the  north-westem  shores 
*  (Byron  Sound)  of  these  islands.  The  distance  from 
this  point  to  the  Cordillera  of  Tierra  del  Fuego,  ia  3G0 
milcB,  which  we  may  take  as  the  probable  width  of  the 
recently  upraised  area.  In  the  latitude  of  the  R,  Santa 
Cruz,  we  know  from  the  shells  found  at  the  mouth  and 
head,  and  in  the  middle  of  the  valley,  that  the  entire 
width  (about  160  miles)  of  the  surface  eastward  of  the 
Cordillera  has  been  upraised.  From  the  slope  of  the 
plains,  as  shown  by  the  course  of  the  rivers,  for  several 
degrees  northward  of  the  S.  Cruz,  it  ia  probable  that  the 
elevation  attested  by  the  shells  on  the  coast  has  likewise 
extended  to  the  Cordillera.  When,  however,  we  look  aa 
far  northward  as  the  provinces  of  La  Plata,  this  conclusion 

'  '  TnyaKCB  of  the  AdTcntnre  and  Beagle,'  vol.  ii.  p.  227.  And 
Bou(;amvilli.-'a  '  Voyage,'  tome  i.  p.  113. 

•  I  owe  thh  tact  to  the  kindnesa  of  Capt.  Sulivan,  B.N.,  a  highly 
competent  observer.  I  mentioD  tt  more  espeoiallj,  as  in  mj  E^per 
(p,  42T)  on  the  Itoalder  Formation,  I  have,  after  having  examined 
the  northvm  and  middle  partfl  of  the  eastern  island,  s^d  that  the 
fotmatioD  was  here  wholl;  ahsent. 
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would  be  very  haz&rdoaa ;  not  only  is  the  distance  from 
Maldonado  (where  I  foand  upraised  shells)  to  the 
Cordillera  great,  naniely,  7G0  miles,  but  at  the  head 
of  the  estuary  of  the  Plata,  a  NNE.  and  SSW.  range 
of  tertiary  vok-anic  rocks  has  been  observed,'  which 
may  well  indicate  an  axis  of  elevation  qaite  distinct 
from  that  of  the  Andes.  Moreover,  in  the  centre  of 
the  Pampas  in  the  chain  of  Cordova,  severe  earthquakes 
have  been  felt  \  *  whereas  at  Mendoza,  at  the  eastern 
foot  of  the  Cordillera,  only  gentle  oscillations,  trans- 
mitted from  the  shores  of  the  Pacific,  have  ever  been 
experienced.  Hence  the  elevation  of  the  Pampas  may 
be  due  to  several  distinct  axes  of  movement ;  and  we 
cannot  judge,  from  the  upraised  shells  round  the  estuary 
of  the  Plata,  of  the  breadth  of  the  area  npliiled  within 
the  recent  period. 

Kot  only  has  the  above  specified  long  range  of  coast 
been  elevated  within  the  recent  period,  bnt  T  think  it 
may  be  safely  inferred  from  the  similarity  in  height  of 
the  gravel-capped  plains  at  distant  points,  that  there 
has  been  a  remarkable  degree  of  equability  in  the 
elevatory  process.  I  may  premise,  that  when  I  mea- 
sured the  plains,  it  was  simply  to  ascerttun  the  heights 
at  which  shells  occurred ;  afterwards,  comparing  these 
measurements  with  some  of  those  made  during  the 
Survey,  I  was  struck  with  their  uniformity,  and  accord- 

■  This  Tolcaola  formation  will  be  described  in  Chapter  XI.  ItiS' 
not  improbable  that  the  height  of  the  npraised  ahelU  at  the  head 
of  rhe  estuary  of  the  Plata,  being  greater  (ban  at  Bahia  Blanca  or 
Bt  San  Bias,  may  be  owing  to  the  upheaval  of  these  latter  places- 
havmg  been  connected  with  the  distant  line  of  the  Cordillera,  vrhil«b 
that  of  the  provinces  of  Ia  Plata  was  in  connection  with  the  adjoin- 
ing tertiary  Tolcanic  axis. 

'  See  Sir  W.  Parish's  work  on  <  La  Plata,'  p.  243.  For  a  notice  of 
an  earthquake  which  drained  a  lake  near  Cordova,  see  also  Temple's 
■  Travels  in  Pern.'  Bir  W.  Parish  informs  me,  that  a  town  between. 
Salta  and  Tocnman  (north  of  Cordova)  waa  formerly  utterly  over>' 
thrown  '\sj  on  earthquake. 
19 


3ia  Uniform  Height  of  Terraces,     ttx  n. 

ingly  tabulated  all  tliose  which  repreBontod  the  Bom- 
mitnad^  of  plains.  The  ezteriBion  of  the  SSO  to  355 
feet  plain  is  lery  striking,  being  found  over  a  space  of 
500  geographical  miles  in  a  north  and  south  line.  A 
table  of  the  measurements  is  here  given.  The  angalar 
iDeasnTements  and  all  the  estimations  are  by  the  OfBcers 
of  the  Survey;  the  barometrical  ones  by  myself: — 

7»i 

OallegM  BiVBT  to  C07  ItHtA  (parti;  angalBi  meoB.  and  putly   . 

estfm.) 3G0 

South  Bide  of  Banta  Gna  (ang.  and  Im  im.  meas.)    .        .        .  SAG 

Noith  Bide  of    do.  (anj;.  m.) 830 

Bird  Island,  plain  oppotlte  to  (nng.  m.) 860 

Port  Desire,  plain  extending  far  along  coast  (barom.  m.)  .  .  830 
81  Oeoige's  Bay,  north  promontoiy  (ang.  m.)  ....  330 
TaUe  Land,  lonth  of  New  Baj  (ang.  m.) 360 

A  plain,  varying  from  245  to  255  feet,  seems  to 
extend  with  much  uniformity  from  Port  Desire  to  the 
north  of  St.  George's  Bay,  a  distance  of  170  miles; 
and  some  approximate  measurements,  also  given  in  the 
following  table,  indicate  the  much  greater  extension  of 
780  miles:— 

Peet 

Coy  Inlet,  Bonth  of  (partly  ang.  m.  and  pnrtly  estim.)  200  to  300 

Fort  Desire  (barom.  m.) Slo  to  256 

0.  Blanco  (ang.  m.) 2B0 

Horth  Promontoiy  of  St.  George's  Bay  (ang.  m.)        .  2S0 

Bontb  of  New  Bay  (ang.  m.) 200  to  220 

North  of  8.  Jocef  (c»tim.) 200  to  300 

Plain  of  Hio  Negro  (ang.  m.) 200  I  o  220 

Bahia  filanca  (estim.) 200  to  300 

The  extension,  moreover,  of  the  560  to  580,  and  of 
the  80  to  100  feet,  plains  ia  remarkable,  though  some- 
what less  obvious  than  in  the  former  cases.  Bearing 
in  mind  that  I  have  not  picked  these  measurements 
out  of  a  series,  but  have  used  all  those  which  repre- 
sented the  edges  of  plains,  I  think  it  scarcely  possible 
that  these  coincidences  in  height  should  be  accidental. 
We  must  therefore  conclude  that  the  action,  whatever 
it  may  have  been,  by  which  these  plains   have  been 
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modelled  into  their  present  forms,  has  been  Bingnlarly 
uniform. 

These  plains  or  great  terraces,  of  which  three  and 
fonr  oElen  rise  like  steps  one  behind  the  other,  are 
formed  by  the  denudation  of  the  old  Patagonion 
tertiary  beds,  and  by  the  deposition  on  their  anrfaces  of 
a  mass  of  well-rounded  gravel,  varying,  near  the  coast, 
from  ten  to  thirty-fire  feet  in  thickn^a,  bnt  increasing 
in  thickness  towards  the  interior.  The  gravel  is  often 
capped  by  a  thin  irregolar  bed  of  sandy  earth.  The 
plains  slope  ap,  though  seldom  sensibly  to  the  eye, 
from  the  snmmit-edge  of  one  escarpmeat  to  the  foot  of 
the  next  highest  one.  Within  a  distance  of  150  miles, 
between  Stuita  Cruz  to  Port  Desire,  where  the  plains 
are  particnlarly  well  developed,  there  are  at' least  seven 
stages  or  steps,  one  above  the  other.  On  the  three 
lower  ones,  namely,  those  of  100  feet,  250  feet,  and 
350  feet  in  height,  existing  littoral  shells  are  abundantly 
strewed,  either  on  the  surface,  or  partially  embedded  in 
the  superficial  sandy  earth.  By  whatever  action  these 
three  lower  plains  have  been  modelled,  so  nndoubtedly 
have  all  the  higher  ones,  np  to  a  height  of  950  feet  at 
S.  Julian,  and  of  1,200  feet  (by  estimation)  along  St. 
Oeoi^'s  Bay.  I  think  it  will  not  be  disputed,  con- 
sidering the  presence  of  the  upraised  marine  shells,  that 
the  sea  has  been  the  active  power  daring  stages  of  some 
kind  in  the  elevatory  process. 

We  will  now  briefly  consider  this  subject:  if  we 
look  at  the  existing  coast-line,  the  evidence  of  the 
great  denuding  power  of  the  sea  is  very  distinct;  for, 
from  Cape  St.  Diego,  in  lat.  54°  SO'  to  the  mouth  of 
the  Bio  Negro,  in  lat.  31°  (a  length  of  more  than  800 
miles),  the  shore  is  formed,  with  singnlarly  few  excep- 
tions, of  bold  and  naked  cliffs:  in  many  places  the 
clifiTs  are  high  ;  thus,  south  of  the  Santa  Cruz,  they  are 
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between  800  and  900  fi;et  in  height,  with  their  hori- 
zontal strata  abruptly  cut  off,  showing  the  immense 
mass  of  matter  which  has  been  removed.  Nearly  this 
whole  line  of  coast  consists  of  a  series  of  greater  or 
lesser  carves,  the  home  of  which,  and  likewise  certain 
straight  projecting  portions,  are  formed  of  hard  rocks ; 
hence  the  concave  parts  are  evidently  the  effect  and  the 
measure  of  the  denuding  action  on  the  sofler  strata. 
At  the  foot  of  all  the  cliffs,  the  sea  shoals  very  gradually 
far  outwards  ;  and  the  bottom,  for  a  space  of  some 
-miles,  everywhere  consists  of  gravel.  I  carefully  ex- 
amined the  bed  of  the  sea  off  the  Santa  Cruz,  and  found 
that  its  inclination  was  exactly  the  same,  both  in 
amount  and  in  its  peculiar  curvature,  with  that  of  the 
355  feet  plain  at  the  same  place.  If,  therefore,  the 
coast,  with  the  bed  of  the  adjoining  sea,  were  now  sud- 
denly elevated  100  or  200  feet,  an  inland  line  of  cliffs, 
that  is  an  escarpment,  would  be  formed,  with  a  gravel- 
capped  plain  at  its  foot  gently  sloping  to  the  sea,  and 
having  an  inclination  like  that  of  the  existing  355  feet 
plain.  From  the  denuding  tendency  of  the  sea,  this 
newly  formed  plain  would  in  time  be  eaten  bock  into  a 
cliff:  and  repetitions  of  this  elevatory  and  denuding 
process  would  produce  a  seriea  of  gravel-capped,  sloping 
terraces,  rising  one  above  another,  like  those  fronting 
the  shores  of  Patagonia. 

The  chief  difficulty  (for  there  are  other  inconsider- 
able ones)  on  this  view,  is  the  fact, — as  far  as  I  can 
trust  two  continuous  lines  of  soundings  carefully  taken 
between  Santa  Cruz  and  the  Falkland  Islands,  and 
several  scattered  observations  on  this  and  other  coasts, — 
that  the  pebbles  at  the  bottom  of  the  sea  qm'cMy  and 
regularly  decrease  in  size  with  the  increasing  depth 
and  distance  from  the  shore,  whereas  in  the  gravel  on 
the  sloping  plains,  no  such  decrease  in  size  was  per- 
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ceptible.    The  following  table  gives  the  average  result 
of  many  soundings  off  the  Santa  Cruz : — 

Under  two  miles  from  the  shore,  many  of  the  pebbles  were  of 
large  size  mingled  with  some  small  ones. 


ato 


eto 
10  to 


Distance. 
4  miles  from  the  shore. 


7  miles 
U  miles 


IS  miles 

23  to  150  miles 


do. 
do. 

do. 
do. 


Depth. 
11  to  13  fathoms. 


17  to  19 
S3toS« 

80  to  40 
tftoU 


do. 
do. 

da 
da 


Sixe  of  Pebbles. 

As  large  a»  walnnts ;  mingled 

in  erery  case  with  some 

smaller  ones. 
As  large  as  hazel  nuts. 
From  three  to  four  tenths  of 

an  inch  in  diameter. 
Two-tenths  of  an  inch. 
One>tenth  of  an  Inch,  to  the 

finest  sand. 


I  particularly  attended  to  the  size  of  the  pebbles  on 
the  355  feet  Santa  Cruz  plain,  and  I  noticed  that  on 
the  summit-edge  of  the  present  sea-cliffs  many  were 
as  large  as  half  of  a  man's  head ;  and  in  crossing  from 
these  clifife  to  the  foot  of  the  next  highest  escarpment, 
a  distance  of  six  miles,  I  could  not  observe  any  increase 
in  their  size.  We  shall  presently  see  that  the  theory 
of  a  slow  and  almost  insensible  rise  of  the  land,  will 
explain  all  the  facts  connected  with  the  gravel-capped 
terraces,  better  than  the  theory  of  sudden  elevations  of 
from  one  to  two  hundred  feet. 

M.  d'Orbigny  has  argued,  from  the  upraised  shells 
at  San  Bias  being  embedded  in  the  positions  in  which 
they  lived,  and  from  the  valves  of  the  Azara  lahiaia 
high  on  the  banks  of  the  Paraiia  being  united  and  un- 
rolled, that  the  elevation  of  Northern  Patagonia  and  of 
La  Plata  must  have  been  sudden ;  for  Ke  thinks,  if  it 
had  been  gradual,  these  shells  would  all  have  been 
polled  on  successive  beach-lines.  But  in  protected  bays, 
such  as  in  that  of  Bahia  Blanca,  wherever  the  sea  is 
accumulating  extensive  mud-banks,  or  where  the  winds 
quietly  heap  up  sand-dunes,  beds  of  shells  might  assuredly 
be  preserved  buried  in  the  positions  in  which  they  had 
lived,  even  whilst  the  land  retained  the  same  level ;  any, 
the  smallest,  amount  of  elevation  would  directly  aid  in 
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their  preservation.  I  saw  a  multitude  of  spots  in  Bahia 
Blanca  where  this  might  have  been  effected;  and  at 
Maldonado  it  ahnost  certainly  has  been  effected.  In 
speaking  of  the  elevation  of  the  land  having  been  slow, 
I  do  not  wish  to  exclude  the  small  starts  which  accom** 
pany  earthquakes,  as  on  the  coast  of  Chile ;  and  by  such 
movements  beds  of  shells  might  easily  be  uplifted,  even 
in  positions  exposed  to  a  heavy  surf,  without  undergoing 
any  attrition :  for  instance,  in  1835,  a  rocky  flat  off  the 
island  of  Santa  Maria  was  at  one  blow  upheaved  above 
high-water  mark,  and  was  left  covered  with  gaping  and 
putrefying  mussel-shells,  still  attached  to  the  bed  on 
which  they  had  lived.  If  M.  d'Orbigny  had  been  aware 
of  the  many  long  parallel  lines  of  sand-hillocks,  with 
infinitely  numerous  shells  of  the  Mactra  and  Venus,  at 
a  low  level  near  the  Uruguay;  if  he  had  seen  at  Bahia 
Blancathe  immense  sand-dunes,  with  water-worn  pebbles 
of  pumice,  ranging,  in  parallel  lines,  one  behind  the  other 
up  a  height  of  at  least  120  feet ;  if  he  had  seen  the  sand- 
dunes,  with  the  countless  Paludestrinas,  on  the  low  plain 
near  the  Fort  at  this  place,  and  that  long  line  on  the  edge 
of  the  cliff,  sixty  feet  higher  up ;  if  he  had  crossed  that 
long  and  great  belt  of  parallel  sand-dunes,  eight  miles  in 
width,  standing  at  the  height  of  from  forty  to  fifty  feet 
above  the  Colorado,  where  sand  could  not  now  collect, — 
I  cannot  believe  he  would  have  thought  that  the  eleva- 
tion of  this  great  district  had  been  sudden.  Certainly  the 
sand-dunes  (especially  when  abounding  with  shells), 
which  stand  in  ranges  at  so  many  different  levels,  must 
all  have  required  long  time  for  their  accumulation ;  and 
hence  I  do  not  doubt  that  the  last  100  feet  of  elevation 
of  La  Plata  and  Northern  Patagonia  has  been  exceed- 
ingly slow. 

If  we  extend  this  conclusion  to  Central  and  Southern 
Patagonia,  the   inclination   of  the   auccessively   rising 
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gravel-capped  plains  can  be  explained  quite  as  well,  as 
by  the  more  obvious  view  already  given  of  a  few  com- 
paratively great  and  sudden  elevations ;  in  either  case 
we  must  admit  long  periods  of  rest,  during  which  the 
sea  ate  deeply  into  the  land.  Let  us  suppose  the 
present  coast  to  rise  at  a  nearly  equable,  slow  rate,  yet 
suflBciently  quick  to  prevent  the  waves  quite  removing 
each  part  as  soon  as  brought  up;  in  this  case  every 
portion  of  the  present  bed  of  the  sea  will  successively 
form  a  beach-line,  and  from  being  exposed  to  a  like 
action  will  be  similarly  affected.  It  cannot  matter  to 
what  height  the  tides  rise,  even  if  to  forty  feet  as  at 
Santa  Cruz,  for  they  will  act  with  equal  force  and  in 
like  manner  on  each  successive  line.  Hence  there  is 
no  difficulty  in  the  fact  of  the  355  feet  plain  at  Santa 
Cruz  sloping  up  108  feet  to  the  foot  of  the  next  highest 
escarpment,  and  yet  having  no  marks  of  any  one  par- 
ticular beach-line  on  it  j  for  the  whole  surface  on  this 
view  has  been  a  beach.  I  cannot  pretend  to  follow  out 
the  precise  action  of  the  tidal  waves  during  a  rise  of 
the  land,  slow,  yet  sufficiently  quick  to  prevent  or  check 
denudation :  but  if  it  be  analogous  to  what  takes  place 
on  protected  parts  of  the  present  coast,  where  gravel  is 
now  accumulating  in  large  quantities,^  an  inclined 
surface,  thickly  capped  by  well-rounded  pebbles  of 
about  the  same  size,  would  be  ultimately  left.  On  the 
gravel  now  accumulating,  the  waves,  aided  by  the  wind, 
sometimes  throw  up  a  thin  covering  of  sand,  together 
with  the  common  coast-shells.  Shells  thus  cast  up  by 
gales,  would,  during  an  elevatory  period,  never  again 
be  touched  by  the  sea.  Hence,  on  this  view  of  a  slow 
and  gradual  rising  of  the  land,  interrupted  by  periods 

>  On  the  eastern  side  of  Chiloe,  which  island  we  shaU  see  in  the 
next  chapter  is  now  rising,  I  observed  that  all  the  beaches  and  exten- 
five  tidal  flats  were  formed  of  shingle. 
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of  rest  and  denudation,  we  can  understand  the  pebbles 
being  of  about  the  same  size  over  the  entire  width  of 
the  step-like  plains, — the  occasional  thin  covering  of 
sandy  earth, — and  the  presence  of  broken,  unrolled 
fragments  of  those  shells,  which  now  live  exclusively 
near  the  coast. 

'SuTwmwry  of  BesuUs. — ^It  may  be  concluded  that 
the  coast  on  this  side  the  continent,  for  a  space  of  at 
least  1,180  miles,  has  been  elevated  to  a  height  of  100 
feet  in  La  Plata,  and  of  400  feet  in  Southern  Patagonia, 
within  the  period  of  existing  shells,  but  not  of  existing 
mammifers.  That  in  La  Plata  the  elevation  has  been 
very  slowly  effected :  that  in  Patagonia  the  movement 
may  have  been  by  considerable  starts,  but  much  more 
probably  slow  and  quiet.  In  either  case,  there  have 
been  long  intervening  periods  of  comparative  rest,' 
during  which  the  sea  corroded  deeply,  as  it  is  still  cor- 
roding, into  the  land.  That  the  periods  of  denudation 
and  elevation  were  contemporaneous  and  equable  over 
great  spaces  of  coast,  as  shown  by  the  equable  heights 
of  the  plains;  that  there  have  been  at  least  eight 
periods  of  denudation,  and  that  the  land,  up  to  a  height 
of  from  950  to  1,200  feet,  has  been  similarly  modelled 
and  affected :  that  the  area  elevated,  in  the  southern- 
most part  of  the  continent,  extended  in  breadth  to 
the  Cordillera,  and  probably  seaward  to  the  Falkland 
Islands ;  that  northward,  in  La  Plata,  the  breadth  is 
unknown,  there  having  been  probably  more  than  one 
axis  of  elevation;  and  finally,  that,  anterior  to  the 
elevation  attested  by  these  upraised  shells,  the  land  was 
divided  by  a  Strait  where  the  river  Santa  Cruz  now 

*  I  say  comparative  and  not  absolute  rest,  because  the  sea  acts, 
as  we  have  seen,  with  great  denuding  power  on  this  whole  line  oE 
coast ;  and  therefore,  during  an  elevation  of  the  land,  if  excessively 
slow  (and  of  course  during  a  subsidence  of  the  land),  it  is  quite 
possible  that  lines  of  diS  might  be  fonned. 


CHAP.  vni.    Gravel  Formation  of  Patag(mia.    219 

flows,  aod  that  farther  southward  there  were  other  sea* 
straits,  siDce  closed.  I  maj  add,  that  at  Santa  Croz, 
in  lat.  50°  S.,  the  plains  have  been  nplifted  at  least 
1,400  feet,  since  the  period  when  gigantic  boulders 
were  transported  between  sixty  and  seventy  miles  from 
their  parent  rock,  on  boating  icebergs. 

Lastly,  considering  the  great  upward  movementa 
which  this  long  line  of  coast  has  undergone,  and  the 
proximity  of  its  soathern  half  to  the  vulcanic  axis  of 
the  Cordillera,  it  is  highly  remarkable  that  in  the  many 
fine  sections  exposed  in  the  Pampean,  Patagonian 
tertiary,  and  Boulder  formations,  I  nowhere  observed 
the  smallest  fault  or  abrupt  curvature  in  the  strata, 

Qrax&l  Formation  of  Patagonia. 

I  will  here  describe  in  more  detail  than  has  been  aa 
yet  incidentally  done,  the  nature,  origin,  aud  extent  of 
the  great  shingle  covering  of  Patagonia :  but  I  do  not 
mean  to  aflirm  that  all  of  this  shingle,  especially  that 
on  the  higher  plains,  belongs  to  the  recent  period.  A 
thin  bed  of  sandy  earth,  with  small  pebbles  of  various 
porphyries  and  of  quartz,  covering  a  low  plain  on  the 
north  side  of  the  Rio  Colorado,  is  the  extreme  northern 
limit  of  this  formation.  These  little  pebbles  have 
probably  been  derived  from  the  denudation  of  a  more 
regular  bed  of  gravel,  capping  the  old  tertiary  sand- 
stone plateau  of  the  Rio  Negro.  The  gravel-bed  near 
the  Bio  Kegro  is,  on  an  average,  about  ten  or  twelve 
feet  iu  thickness ;  and  the  pebbles  are  larger  than  on 
the  northern  side  of  the  Colorado,  being  from  one  to 
two  inches  in  diameter,  and  composed  chiefly  of  rather 
dark-tinted  porphyries.  Amongst  them  I  here  first 
noticed  a  variety  often  to  be  referred  to,  namely,  • 
peculiar  gallstone-yellow  mliceons  porphyry,  frequently, 
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bnt  not  inrariablf,  oontuuing  grains  of  qDaits.  Tho 
pebbles  are  embedded  in  a  white  gritty  oalcaretnui 
matrix  very  like  mortar,  sometimeB  mwely  coating 
with  a  whitewash  the  separate  stones,  and  sometimes 
forming  die  greater  part  of  the  mass.  In  one  place  I 
saw  in  the  gTavel  oonoretionaiy  dodales  (not  ronnded) 
of  oyBtallized  gypanm,  nme  aa  large  as  a  man's  head, 
I  traced  this  bed  for  forty-five  miles  inland,  and  was 
assured  that  it  extended  &a  into  the  interior.  As  tiie 
snr&ce  of  the  calcareo-argillaoeons  plain  of  Fampeaa 
formation,  on  the  northern  side  of  the  wide  valley  of 
the  Colorado,  stands  at  abont  the  same  hught  wit^  the 
mortar-like  cemented  gravel  capping  the  sandstone  on 
the  Bonthem  side,  it  is  probable,  considering  the  appa- 
rent eqnability  of  the  sabterranean  movements  along 
this  side  of  America,  tliat  this  gravel  of  the  Rio  Negro 
and  the  tipper  beds  of  the  Pampean  formation  north- 
ward of  the  Colorado,  are  of  nearly  contemporaneoua 
origiD,  and  that  the  calcareons  matter  has  been  derived 
&om  the  same  source. 

Southward  of  the  Rio  Negro,  the  c1i&  along  the 
great  bay  of  S.  Antonio  are  capped  with  gravel :  at  San 
Josef,  I  foond  that  the  pebbles  closely  resembled  those 
on  the  plain  of  the  Bio  Negro,  but  that  they  were  not 
cemented  by  calcareous  matter.  Between  San  Josef 
and  Port  Desire,  I  waa  assured  by  the  Officers  of  the 
Survey  that  the  whole  face  of  the  country  is  coated  with 
gravel.  At  Port  Desire  and  over  a  space  of  twenty-five 
miles  inland,  on  the  three  step-formed  plains  aod  in  the 
valleys,  I  everywhere  passed  over  gravd  which,  where 
thickest,  was  between  thir^  and  forty  feet.  Here,  as 
in  other  parts  of  Patagonia,  the  gravel,  or  its  sandy 
covering,  was,  as  we  have  seen,  often  strewed  with  r&< 
cent  marine  sheila.  The  sandy  covering  sometimes 
fills  np  furrows  in  Uie  gravel,  as  does  the  gravel  in  the 


oHiP.  Tin.    Gravel  Formation  of  Patagonia.  221 

Quderlying  tertiary  formations.  The  pebbles  are  fre- 
quently whitewashed  aod  even  cemented  together  by 
a  peculiar,  white,  friable,  alnminons,  fnsible,  eabstance, 
which  I  believe  is  decomposed  feldspar.  At  Port  Desire, 
the  gravel  rested  sometimes  on  the  basal  formation  of 
porphyry,  and  sometimes  on  the  npper  or  the  lower 
denuded  tertiary  strata.  It  is  remarkable  that  most 
of  the  porphyritic  pebbles  differ  irom  those  Tarieties  of 
porphyry  which  occur  here  abundantly  in  eitu.  The 
peculiar  gallstone-yellow  variety  was  common,  but  less 
nnmeroua  than  at  Port  S.  Julian,  where  it  fonned 
nearly  one-third  of  the  mass  of  gravel ;  the  remaining 
part  there  consisting  of  pale  gray  and  greenish  por- 
phyries with  many  crystals  of  feldspar.  At  Port  S. 
Julian,  I  ascended  one  of  the  flat-topped  hills,  the  de- 
nuded remnant  of  the  highest  plain,  and  found  it,  at 
the  height  of  950  feet,  capped  with  the  usual  bed  of 
gravel. 

Near  the  mouth  of  the  Santa  Cruz,  the  bed  of  gravel 
on  the  355  feet  plain  is  from  twenty  to  about  thirty- 
five  feet  "in  thickness.  The  pebbles  vary  from  minute 
ones  to  the  size  of  a  hen's  egg,  and  even  to  that  of  half 
a  man's  heod ;  they  consist  of  paler  varieties  of  porphyry 
than  those  found  farther  northward,  and  there  are  fewer 
of  the  gallstone-yellow  kind  ;  pebbles  of  compact  black 
clay-slate  were  here  first  observed.  The  gravel,  as  we 
have  seen,  covers  the  step-formed  plains  at  the  mouth, 
head,  and  on  the  sides  of  the  great  valley  of  the  Santa 
Cruz,  At  a  distance  of  110  miles  from  the  coast,  the 
plain  has  risen  to  the  height  of  1,416  feet  above  the 
sea ;  and  the  gravel,  with  the  Bssociated  great  boulder 
formation,  has  attained  a  thickness  of  212  feet.  The 
plain,  apparently  with  its  usual  gravel  covering,  slopes 
np  to  the  foot  of  the  Cordillera  to  the  height  of  between 
3,200  and  3,300  feet.     In  ascending  the  valley,  the 


233       Graael  Formaiion  of  Patagouia.    raxn. 

gravel  gradiiBlly  liecomea  entirely  altered  in  cbaraotert 
high  np,  we  h&ve  pebbles  of  cryetalliDe  feldspathio  rocka, 
oompaot  eUy-date,  qnartBoae  sohists  and  p&Ie-colonred 
porphyiieB ;  tiie§e  rocka,  jndj^ng  both  from  the  gigantao 
bonldws  in  the  aar&oe  and  from  some  small  pebbles 
embedded  beneath  700  feet  is  thiokneoa  of  ^le  old 
tertiary  strata,  are  the  prevuliiig  kinds  in  this  part  of 
the  Goidillera ;  pebbles  of  basalt  from  the  neighbooiing 
■troama  of  basaltic  lava  are  alao  nnmeroos ;  there  are 
few  or  none  of  the  reddish  or  of  the  gaUstone-yellow 
porphyrieB  ao  common  near  the  coast  Hence  the 
pebbles  on  the  850  feet  plain  at  the  mouth  of  the  Santa 
Gnu  carmot  hare'  been  derived  (with  the  exception  td 
those  of  compact  <day-flIaU),  which,  however,  may  equally 
well  hare  come  from  the  sonth)  from  the  Cordillera  in 
this  latitude;  but  probably,  in  chief  part,  from  farther 
north. 

Southward  of  the  Santa  Craz,  the  gravel  may  be 
Been  continuoaaly  cappiug  the  great  840  feet  plain :  at 
the  Rio  Gallegos,  where  this  plain  is  sacceeded  by  a 
lower  one,  there  is,  as  I  am  informed  by  Captain  Snli- 
van,  an  irregular  covering  of  gravel  from  ten  to  twelve 
feet  in  thickneaa  over  the  whole  country.  The  distj-ict 
on  each  side  of  the  Strait  of  Magellan  is  covered  up 
either  with  gravel  or  the  boulder  formntinn :  it  was 
'  interesting  to  observe  the  marked  difTerence  between 
the  perfectly  rounded  state  of  the  pebbles  in  the  great 
shingle  formation  of  Pat^onia,  and  the  more  or  less 
angular  fragments  in  the  boulder  formation.  The 
pebbles  and  fragments  near  the  Strait  of  Magellan 
nearly  all  belong  to  rocks  known  to  occur  in  Fuegia. 
I  was  therefore  much  surprised  in  dredging  Bouth  of 
the  Strait  to  find,  in  lat.  h4P  10'  south,  muny  pebbles 
of  the  gallstone-yellow  siliceous  porphyry ;  I  procured 
others  from  a  great  depth  off  Staten  Island,  and  others 
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were  brought  me  from  the  weatem  extremity  of  the 
Falklapd  Islan<3s.*  The  diatribntion  of  the  pebbles  of 
this  peculiar  porphyry,  which  I  venture  to  affirm  is  not 
found  tn  diu  either  in  Fnegia,  the  Falkland  Islands, 
or  on  the  coast  of  Pati^nia,  ia  very  remarkable,  for 
they  are  found  over  a  epace  of  840  miles  in  a  north  and 
south  line,  and  at  the  Falklanda,  300  milea  eastward  of 
the  coast  of  Patagonia.  Their  occurrence  in  Fuegia 
and  the  Falklanda  may,  however,  perhaps  be  due  to 
the  same  ice-agency  by  which  the  bonldera  have  been 
there  transported. 

We  have  seen  that  porphyritic  pebbles  of  a  small 
size  are  first  met  with  on  the  northern  side  of  the  Bio 
Colorado,  the  bed  becoming  well  developed  near  the 
Rio  Negro :  from  this  latter  point  I  have  every  reason 
to  believe  that  the  gravel  extends  uninterruptedly  over 
the  plains  and  valleys  of  Patagonia  for  at  least  630 
nautical  miles  aonthward  to  the  Rio  Gallegos.  From 
the  slope  of  the  plains,  from  the  nature  of  the  pebbles, 
from  tieir  extension  at  the  Bio  Negro  far  into  the 
interior,  and  at  the  Sanfa  Crna  close  np  to  the  Cor- 
dillera, I  think  it  highly  probable  that  the  whole  breadth 
of  Patagonia  is  thus  covered.  If  so,  the  average  width 
of  the  bed  must  be  about  200  miles.  Near  the  coaafc 
the  gravel  is  generally  from  ten  to  thirty  feet  in  thick- 
ness ;  and  as  in  the  valley  of  Santa  Craz  it  attains,  at 
some  distance  from  the  Cordillera,  a  thickness  of  214 
feet,  we  may,  I  think,  safely  assume  its  averse  thick- 

'  At  my  reqnest,  Mr.  Kent  collected  fornteabagof  pebbles  from 
tlie  beach  of  White  Rook  hArboar,  in  the  northern  part  of  the  aonnd, 
between  the  two  Falkland  Islands.  Out  of  these  well-ronDded 
pebbles,  varying  in  size  from  a  walnnt  to  a  hen's  egg,  with  some 
larger,  thirty-eight  evidently  belonged  to  the  rocks  of  these  islanda; 
twenty-Bii  were  similar  lo  the  pebbles  of  porphyry  fonnd  on  the 
Fatagonian  plains,  which  rockido  not  exist  In  rifu  in  the  FalUonds; 
one  pebble  belonged  to  thepecnliu  yellow  dticMiiispinpbjTy;  tbii^ 
were  of  donbtf ol  origin. 
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D6B8  over  the  wHole  area  of  630  by  200  mileSi  at  fifty 
feetl 

GRie  transpoital  and  origin  of  this  vast  bed  of  pebbles 
18  an  intezesting  problem.  From  the  manner  in  which 
they  cap  the  step-formed  plains,  worn  by  the  sea  within 
the  peijod  of  existixig  shells,  tiieir  deposition,  at  least 
on  the  plains  np  to  a  height  of  400  feet,  must  have 
been  a  recent  geological  eyent;  From  the  form  of  the 
continent^  we  may  feel  snre  that  they  have  come  from 
the  westward,  probably,  in  chief  part  from  the  Cordillera, 
bat,  perhaps,  partly  from  nnknown  rocky  ridges  in  the 
central  districts  of  Patagonia.  That  the  pebbles  have 
not  been  transported  by  rivers,  ftt)m  the  interior  towards 
the  coast,  we  may  conclnde  from  the  fewness  and  small- 
ness  of  the  streams  of  Patagonia :  moreover,  in  the  case 
of  the  one  great  and  rapid  river  of  Santa  Cruz,  we  have 
good  evidence  that  its  transporting  power  is  very  trifling. 
This  river  is  from  200  to  300  yards  in  width,  about 
seventeen  feet  deep  in  its  middle,  and  runs  with  a  sin- 
gular degree  of  uniformity  five  knots  an  hour,  with  no 
lakes  and  scarcely  any  still  reaches:  nevertheless,  to 
give  one  instance  of  its  small  transporting  power,  upon 
careful  examination,  pebbles  of  compact  basalt  could 
not  be  found  in  the  bed  of  the  river  at  a  greater  distance 
than  ten  miles  below  the  point  where  the  stream  rushes 
over  the  d6bris  of  the  great  basaltic  clifis  forming  its 
shore:  fragments  of  the  cellular  varieties  have  been 
washed  down  twice  or  thrice  as  far.  That  the  pebbles 
in  Central  and  Northern  Patagonia  have  not  been  trans- 
ported by  ice-agency,  as  seems  to  have  been  the  case  to 
a  considerable  extent  farther  south,  and  likewise  in  the 
northern  hemisphere,  we  may  conclude,  from  the  absence 
of  all  angular  fragments  in  the  gravel,  and  from  the 
complete  contrast  in  many  other  respects  between  the 
shingle  and  neighbouring  boulder  formation. 
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Looking  to  the  gravel  on  any  one  of  the  step-formed 
plains,  I  cannot  doubt,  from  the  several  reasons  assigned 
in  this  chapter,  that  it  has  been  spread  ont  and  levelled 
by  the  long-continued  action  of  the  sea,  probably  during 
the  alow  rise  of  the  land.  The  smooth  and  perfectly 
poonded  condition  of  the  innumerable  pebbles  alone 
woold  prove  long-continued  action.  But  how  the  whole 
mass  of  shingle  on  the  coasts  plains  has  been  transported 
from  the  mountains  of  the  interior,  is  another  and  more 
difficult  question.  The  following  considerations,  how- 
ever, show  that  the  sea  by  its  ordinary  action  has  con- 
siderable power  in  distributing  pebbles.  A  table  has 
already  been  given,  showing  how  very  nniformly  and 
gradually '  the  pebbles  decrease  in  size  with  the  gradu- 
ally seaward  increasing  depth  and  distance.  A  series 
of  this  kind  irresistibly  leads  to  the  conclusion,  that 
the  sea  has  the  power  of  sifting  and  dtstribnting  the 
loose  matter  on  its  bottom.  According  to  Martin 
White,*  the  bed  of  the  British  Channel  is  disturbed 
during  gales  at  depths  of  sixty-three  and  sixty-seved 
fathoms,  and  at  thirty  fathoms,  shingle  and  fragments 
of  shells  are  often  deposited,  afterwards  to  be  carried 
away  again.     Ground-swells,  which  are  believed  to  be 

I  I  ma;  mention,  that  at  the  distance  of  IfiO  mites  from  tha 
Fatagonian  shore  I  carefnll;  examined  the  minute-roanded  paiticles 
in  the  sand,  and  found  them  to  be  fusible  like  the  porphjriea  of  the 
great  shingle  bed.  I  could  even  distinguish  particles  of  the  f^l- 
■tono  yellow  porpbjr^.  It  was  interesting  to  notice  how  gradually 
the  particles  of  white  quarts  Increased,  as  we  approached  the  Falk- 
land Islands,  which  are  thus  constitnted.  In  the  whole  line  of 
soaadin^  between  these  islands  and  the  cobbi  of  Patagonia  dead  or 
living  organio  remains  were  most  rare.  On  the  relations  between 
the  depth  of  water  and  the  nalnre  of  the  bottom,  see  Uarlin  White 
en  '  Soundings  in  the  Channel,'  pp.  1, 6, 175 ;  also  Captain  Beeche^ 
■  Voyage  to  the  PaciSc,'  obap.  zviii, 

*  >  Sonndings  in  the  Channel,'  pp.  4,  ISS.  H.  Sian  statea 
('  Edin.  New  Phil.  Jour.'  vol.  izxi.  p.  246),  that  he  found  the  Bedl> 
ment,  at  a  depth  of  186  mfities,  arranged  In  ripples  of  different 
degrees  of  Hneness.  There  are  some  azcellent  disonasions  on  thia 
and  allied  subjects  In  Bir  H.  De  la  Becbe'a  "Theoretical  Besearobea.* 


226  Distribution  ofGraoeL  »ibe  il 

caused  by  diatant  gales,  seem  espedally  to  aflfecfc  the 
bottom :  at  such  timeSi  according  to  Sir  B,  Schom- 
borgk,'  the  sea  to  a  great  distance  round  the  West 
Indian  Islands,  at  depths  firom  five  to  fifteen  fiithomSi 
becomes  discoloured,  and  eyen  the  anchors  of  vessels 
have  been  moved.  There  are,  however,  some  difficulties 
in  understanding  how  the  sea  can  transport  pebbles 
lying  at  the  bottom,  for,  from  experiments  instituted 
on  the  power  of  running  water,  it  would  appear  that 
the  currents  of  the  sea  have  not  sufficient  velodfy  to 
move  stones  of  even  moderate  size :  moreover,  I  have 
repeatedly  found  in  the  most  exposed  situations  that 
the  pebbles  which  lie  at  the  bottom  are  encrusted  with 
full-grown  living  corallines,  furnished  with  the  most 
delicate,  yet  unbroken  spines:  for  instance,  in  ten 
fiithoms  water  off  the  month  of  the  Santa  Cruz,  many 
pebbles,  under  half  an  inch  in  diameter,  were  thus 
coated  with  Flastracean  zoophytes.^  Hence  we  must 
conclude  that  these  pebbles  are  not' often  violently  dis- 
turbed :  it  should,  however,  be  borne  in  mind  that  the 
growth  of  corallines  is  rapid.  The  view,  propounded 
by  Prof.  Playfair,  will,  I  believe,  explain  this  apparent 
difficulty, — ^namely,  that  fix>m  the  undulations  of  the 
sea  tending  to  lift  up  and  down  pebbles  or  other  loose 
bodies  at  the  bottom,  such  are  liable,  when  thus  quite 
or  partially  raised,  to  be  moved  even  by  a  very  small 

>  *  Journal  of  Bojral  Geograph.  Soa'  vol.  ▼.  p.  26.  It  appears  from 
Mr.  Scott  Bnssell's  investigationa  (see  Mr.  Murchison's '  Anniver. 
Address  Geolog.  Soo.'  1843,  p.  40),  that  in  waves  of  translation  the 
motion  of  the  particles  of  water  is  nearly  as  great  at  the  bottom  as 
at  the  top. 

*  A  pebble,  one  and  a  half  inch  square  and  half  an  inch  thick,  was 
given  me,  dredged  up  from  twenty-seven  fathoms  depth  off  the  west- 
em  enH  of  the  Falkland  Islands,  where  the  sea  is  remarkably  stormy, 
and  subject  to  violent  tides.  This  pebble  was  encrusted  on  all  sides 
by  a  delicate  Uving  coralline.  I  have  seen  many  pebbles  from  depths 
between  fortj  and  seven^  fathoms  thus  encrusted ;  one  from  the 
latter  depth  off  Gape  Hon. 
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force,  a  little  onwards.  We  can  thus  understand  how 
oceanic  or  tidal  currents  of  no  great  strength,  or  that 
recoil  movement  of  the  bottom-water  near  the  land, 
called  by  sailors  the  '  undertow '  (which  I  presume  must 
extend  out  seaward  as  far  as  the  breaJcing  waves  impel 
the  surface-water  towards  the  beach),  may  gain  the 
power  during  storms  of  sifting  and  distributing  pebbles 
even  of  considerable  size,  and  yet  without  so  violently 
disturbing  them  as  to  injure  the  encrusting  corallines.* 
The  sea  acts  in  another  and  distinct  manner  in 
the  distribution  of  pebbles,  namely  by  the  waves  on  the 
beach.  Mr.  Palmer,*  in  his  excellent  memoir  on  this 
subject,  has  shown  that  vast  masses  of  shingle  travel 
with  surprising  quickness  along  lines  of  coast,  according 
to  the  direction  with  which  the  waves  break  on  the 
beach,  and  that  this  is  determined  by  the  prevailing 
direction,  of  the  winds.  This  agency  must  be  powerful 
in  mingling  together  and  disseminating  pebbles  derived 
from  different  sources :  we  may,  perhaps,  thus  under- 
stand the  wide  distribution  of  the  gallstone«yellow 
porphyry  ;  and  likewise,  perhaps,  the  great  difference  in 
the  nature  of  the  pebbles  at  the  mouth  of  the  Santa 

*  I  may  take  this  opportnoity  of  remarking  on  a  singular  but 
very  common  character  in  the  form  of  the  bottom,  in  the  creeks 
which  deeply  penetrate  the  western  shores  of  Tierradel  Faego ;  namely, 
that  they  are  almost  invariably  much  shallower  close  to  the  open  sea 
at  their  months  than  inland.  Thus,  Cook,  in  entering  Christmas 
Bound,  first  had  soundings  in  thirty-seven  fathoms,  then  in  fifty,  then 
in  sixty,  and  a  little  farther  in  no  bottom,  with  170  fathoms.  The 
sealers  are  so  familiar  with  this  fact,  that  they  always  look  out  for 
anchorage  near  the  entrances  of  the  creeks.  See,  also,  on  this  subject, 
the  *  Voyage  of  the  Adventure  and  Beagle,'  vol.  i.  p.  376,  and  *  Appen- 
dix,' p.  313.  This  shoalness  of  the  sea-channels  near  their  entrances 
probably  results  from  the  quantity  of  sediment  formed  by  the  wear 
and  tear  of  the  outer  rocks  exposed  to  the  full  force  of  the  open  sea. 
I  have  no  doubt  that  many  lakes,  for  instance  in  Scotland,  which  are 
very  deep  within,  and  are  separated  from  the  sea  apparently  only  by 
a  tract  of  detritus,  were  originally  sea-channels  with  banks  of  this 
nature  near  their  mouths,  which  have  since  been  apheaved. 

'  *  Philosophical  Transactions,'  1834,  p.  676. 
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CSroB  fiom  lihofle  in  the  nine  latitude  at  the  head  of  the 
▼aDey. 

I  mil  not  pretend  to  assign  to  these  several  and 
complicated  agencies  their  shares  in  the  distribation  of 
the  F^tagonian  shingle ;  bnt  from  the  several  considera- 
tions given  in  this  chapter,  and  I  may  add,  finom  the 
frequency  of  a  capping  of  gravel  on  tertiary  deposits  in 
an  parts  of  the  world,  as  I  have  myself  observed  {md 
seen  stated  in  the  works  of  varions  anthers,  I  cannot  doabt 
that  the  power  of  widely  dispersing  gravel  is  an  ordinary 
contingent  on  the  action  of  the  sea;  and  that  even  in 
the  case  of  the  great  Patagonian  shingle-bed  we  have 
no  occasion  to  call  in  the  aid  of  debacles.  I  at  one 
time  imagined  that  perhaps  an  immense  aocnmnlation 
of  shingle  had  originally  been  collected  at  the  foot  of 
the  Cordillera;  and  that  this  accnmolation,  when  ap- 
raised  above  the  level  of  the  sea,  had  been  eaten  into 
and  partially  spread  out  (aa  oflF  the  present  line  of  coast)  ; 
and  that  the  newly-spread  ont  bed  had  in  its  torn  been 
upraised,  eaten  into,  and  renspread  out ;  and  so  onwards, 
until  the  shingle,  which  was  first  accumulated  in  great 
thickness  at  the  foot  of  the  Cordillera,  had  reached  in 
thinner  beds  its  present  extension.  By  whatever  means 
the  gravel  formation  of  Patagonia  may  have  been  dis- 
tributed, the  vastness  of  its  area,  its  thickness,  its 
superficial  position,  its  recent  origin,  and  the  great 
degree  of  similarity  in  the  nature  of  its  pebbles,  all 
appear  to  me  well  deserving  the  attention  of  geologists, 
in  relation  to  the  origin  of  the  widelynspread  beds  of 
conglomerate  belonging  to  past  epochs. 

Formation  of  Cliffs, — When  viewing  the  sea- worn i 
clifis  of  Patagonia,  in  some  parts  between  800  and  900 
feet  in  height,  and  formed  of  horizontal  tertiary  strata, 
which  must  once  have  extended  far  seaward— or  again, 
when  viewing  the  lofty  clifis  round    many   volcanic 
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islands,  in  wliicli  the  gentle  inclination  of  tlie  lava- 
atreams  indicates  the  former  extension  of  the  land,  a 
difGctilty  often  occurred  to  me,  namely,  how  the  strata 
could  possibly  have  been  removed  by  the  action  of  the 
sea  at  a  considerable  depth  beneath  its  snrface.  The 
following  section,  which  represents  the  general  form  of 
the  land  on  the  northern  and  leeward  side  of  St.  Helena 
(taken  from  Mr.  Seal's  large  model  and  varioaa  meaaare- 
ments),  and  of  the  bottom  of  the  adjoining  sea  (taken 
chiefly  from  Captain  Austin's  survey  and  some  old 
charts),  will  show  the  nature  of  this  difficulty: — 


Tcctinl  and  liorli 
LadilciUi 

If,  as  seems  probable,  the  basaltic  streams  were 
originally  prolonged  with  nearly  their  present  inclina- 
tion, they  must,  as  shown  by  the  dotted  line  in  the 
section,  once  have  extended  at  least  to  a  point,  now 
covered  by  the  sea  to  a  depth  of  nearly  thirty  fathoms : 
but  I  have  everj'  reason  to  believe  they  extended  con- 
siderably farther,  for  the  inclination  of  the  streams  is 
less  near  the  coast  than  farther  inland.  It  should  also 
be  observed,  that  other  sections  on  the  coast  of  this 
island  would  have  given  far  more  striking  results,  but 
I  had  not  the  exact  measurements ;  thus,  on  the  wind- 
ward side,  the  cliffs  are  about  2,000  feet  in  height  and 
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tiie  entoff  lava  streeioB  Tery  gently  inclined,  and  fJie 
bottom  of  tbe  eea  lias  nearly  s  similar  slope  nil  nnmd 
tlie  island.  How,  then,  Kas  all  the  hard  basaltio  rock, 
which  onoe  extended  beneath  the  snr&ce  of  the  Bea, 
been  worn  away  ?  According  to  Captain  Anatin,  the 
bottom  ia  oneren  and  roo^  only  to  that  veTy  email 
distance  fix>m  the  beadi  within  which  the  depth  is  from 
five  to  six  fatjhoms;  ontside  thia  line,  to  a  depth  of 
■boat  100  fethoms,  the  bottom  ia  smooth,  gently  in- 
clined, and  formed  of  mnd  and  sand ;  outside  the  100 
bthoms,  it  plongee  suddenly  into  nn&thomable  depths, 
as  is  so  very  commonly  the  case  on  all  coasts  where 
sediment  is  accnmnlating.  At  greater  depths  than  the 
fire  or  six  fathoms,  it  seems  impossible,  nndar  existing 
{nronmstances,  that  tlie  sea  can  both  have  worn  away 
hard  rock,  in  parte  to  a  thickness  of  at  least  150  feet, 
and  have  deposited  a  smooth  bed  of  finu  sediment. 
Kow,  if  we  had  any  reason  to  suppose  that  St.  Helena 
had,  daring  a  long  period,  gone  on  slowly  sabsidmg, 
every  difficulty  wonid  be  removed :  for  looking  at  the 
diagram,  and  imagining  a  fresh  amount  of  subsidence, 
we  can  see  that  the  waves  wonld  then  act  on  the  coaot- 
oliffs  with  fresh  and  nnimpaired  vigour,  whilst  the 
rocky  ledge  near  the  beach  wonld  be  carried  down  to 
l^t  depth,  at  which  sand  and  mnd  would  be  deposited 
on  its  bare  and  nneven  surface:  after  the  formation 
near  the  shore  of  a  new  rocky  shoal,  fresh  subsidence 
wonld  carry  it  down  and  allow  it  to  be  smoothly 
covered  up.  But  in  the  case  of  the  many  cliff-bounded 
islands,  for  instance  in  some  of  the  Canary  Islands  and 
of  Madeira,  ronnd  which  the  inclination  of  the  strata 
shows  that  the  land  once  extended  far  into  the  depths 
of  the  sea,  where  there  is  no  apparent  means  of  hard 
rook  being  worn  away — are  we  to  suppose  that  all  these 
islands  have  slowly  subsided  ?    Madeira,  I  may  remark, 
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has,  according  to  Mr.  Smith  of  Jordan-hill,  enbeided. 
Are  we  to  extend  this  concluBton  to  the  high,  cliff- 
boDtid,  horizontally- etratiSed  Bbores  of  Patagonia,  off 
which,  though  the  water  is  not  deep  even  at  the  dis- 
tance of  several  miles,  yet  the  smooth  bottom  of  pebbles 
gradaally  decreasing  in  size  with  the  increasing  depth, 
and  derived  from  a  foreign  source,  seem  to  declare  that 
the  sea  is  now  a  depositing  and  not  a  corroding  agent  ? 
I  am  mnch  inclined  to  suspect,  that  we  shall  hereafter 
find  in  all  such  cases,  that  the  land  with  the  adjoining 
bed  of  the  sea  has  in  truth  subsided :  the  time  will,  I 
believe,  come,  when  geologists  will  consider  it  B8  im- 
probable, that  the  land  should  have  retained  the  same 
level  during  a  whole  geological  period,  as  that  the 
atmosphere  should  have  remained  absolutely  calm 
daring  an  entire  season. 
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OHAPTEB  rS. 

OH  THE  BLSTATKOT  OP  TBE  WESTEBir  COAST  Cff  SOUTH 
AllEBICA. 


^  wuwiM  ortftm,  gradmai  rite  ^  fJU  Icmd  wiVaM  thd  kittorieal 
period. —  CoqUlKBO,  efora^'mt  q^,  (n  nmmit  timrt.ferraeet  ofmaHnt 
griffin,  their  iuifUnatum,  their  etcarpmmtt  not  Itora^mtal — Svateo, 
grarel  terracet  of — Coinapc. — Pkbd  —  Upraited  tlielU  qf  Cubija, 
lguiqvii,and  ATica~jABUt,ihell-bBdMa>iiiua-beaeh  oaSan  Loreiizv, 
Hmnan  remain*,  fvi^  eartkettnarg,  earthquate  debado.reeent  tub- 
tidm«»—On  tkt  dteay  tf  Ufraited  »htll*—6enfral  tummary. 

CoMMENdNQ  at  the  south  and  proceeding  northward, 
the  first  place  at  which  I  landed,  was  at  Cape  Tres 
Montes,  in  lat,  46°  35'.  Here,  on  the  ahores  of  Christ- 
inas Cove,  I  observed  in  several  places  a  beach  of 
pebbles  with  recent  shells,  about  twenty  feet  above 
high-water  mark.  Southward  of  Tres  Montes  (between 
lat.  47°  and  48°),  Byron  '  remarks, '  we  thought  it  very 
strange,  that  upon  the  summits  of  the  highest  hills 
were  found  beds  of  shells,  a  foot  or  two  thick.'  In  the 
Chonos  Archipelago,  the  island  of  Lemus  (lat.  44°  30') 
was,  according  to  M,  Coate,*  suddenly  elevated  eight 
feet,  during  the  earthquake  of  1839:  he  adds,  'des 
roches  jadis  toujours  convertes  par  la  mer,  restant 
aujourdlini  coustamment  dScouvertes.'     In  other  parts 


1 1838,  p.  706, 
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of  this  arcliipelago,  I  observed  two  terraces  of  grsTel, 
abutting  to  the  foot  of  each  other :  at  Lowe's  Harbour 
(43°  48'),  under  a  great  mass  of  the  boulder  formation, 
about  300  feet  in  thickness,  I  found  a  layer  of  sand, 
with  numerous  comminuted  fragments  of  sea^shells, 
having  a  fresh  aspect,  but  too  small  to  be  identified. 

The  Island  of  Chiloe. — He  evidence  of  recent 
elevation  is  hero  more  eatiafactory.  The  bay  of  San 
Carlos  is  in  moat  parts  bounded  by  precipitous  clifis 
irom  aboat  ten  to  forty  feet  in  height,  their  bases 
being  separated  from  the  present  line  of  tidal  action 
by  a  tains,  a  few  feet  in  height,  covered  with  vegetation. 
In  one  sheltered  creek  (west  of  P.  Arena)  instead  of  a 
loose  tains,  there  was  a  bare  sloping  bank  of  tertiary 
mudatone,  perforated,  above  the  line  of  the  highest 
tidea,  by  numerous  shells  of  a  Pholaa  now  common  in 
the  harbour.  The  upper  extremities  of  these  shells, 
standing  upright  in  their  holes  with  grass  growing  out 
of  them,  were  abraded  about  a  quarter  of  an  inch,  to 
the  same  level  with  the  surrounding  worn  strata.  In 
other  parts,  I  observed  (as  at  Fudeto)  a  great  beach, 
formed  of  comminuted  shells,  twenty  feet  above  the 
present  shore.  In  other  parts,  again,  there  were  small 
cavea  worn  into  the  foot  of  the  low  cliffs,  and  protected 
from  the  waves  by  the  talua  with  its  vegetation :  one 
such  cave  which  I  examined,  had  its  mouth  about 
twenty  feet,  and  its  bottom,  which  was  filled  with  sand 
containing  fragments  of  sheila  and  legs  of  craba,  from 
eight  to  ten  feet  above  high-water  mark.  From  these 
several  facts,  and  from  the  appearance  of  the  upraised 
shells,  I  inferred  that  the  elevation  bad  been  quite 
recent ;  and  on  inquiring  from  Mr.  Williama,  the  Port- 
master,  he  told  me  he  was  convinced  that  the  land  had 
risen,  or  the  sea  fallen,  four  feet  witbin  the  last  four 
yearB.     During  this  period,  there  had  been  one  severe 
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earibqnakey  but  no  particnlar  change  of  level  was  then 
observed ;  from  the  habits  of  the  people  who  all  keep 
boats  in  the  protected  creeks,  it  is  absolutely  impossible 
that  a  rise  of  four  feet  conid  have  taken  place  soddmly 
and  been  nnperceived.  Mr.  Williams  believes  that  the 
change  has  been  qnite  gradual.  Without  the  elevatoiy 
movement  continues  at  a  quick  rate,  there  can  be  no 
doubt  that  the  sea  will  soon  destroy  the  talus  of  earth 
at  the  foot  of  the  diffii  round  the  bay,  and  will  then 
reach  its  former  lateral  extension,  but  not  of  course  its 
former  level :  some  of  the  inhabitants  assured  me,  that 
one  such  talus,  with  a  footpath  on  it,  was  even  already 
sensibly  decreasing  in  width. 

I  received  several  accounts  of  beds  of  shells,  existing 
at  considerable  heights  in  the  inland  parts  of  Chiloe ; 
and  to  one  of  these,  near  Catiman,  I  was  guided  by  a 
countryman.  Here,  on  the  south  side  of  the  peninsula 
of  Lacny,  there  was  en  immense  bed  of  the  Yerivm 
coatellata  and  of  an  oyster,  lying  on  the  summit-edge 
of  a  piece  of  table  land,  350  feet  (by  the  barometer) 
above  the  level  of  the  sea.  The  shells  were  closely 
packed  together,  embedded  in  and  covered  by,  a  very 
black,  damp  peaty  mould,  two  or  three  feet  in  thick- 
ness, out  of  whi^  a  forest  of  great  trees  was  growing. 
Considering  the  nature  and  dampness  of  this  peaty  soU, 
it  is  surprising,  that  the  fine  ridges  on  the  outside  of 
the  Venus  are  perfectly  preserved,  though  all  the 
shells  have  a  blackened  appearance.  I  did  not  doubt 
that  the  black  soil,  which,  when  dry,  cakes  hard,  was 
entirely  of  terrestrial  origin,  but  on  examining  it  under 
the  microscope,  I  found  many  very  minute  rounded 
fragments  of  shells,  amongst  which  I  could  distinguish 
bits  of  serpulsB  and  mussels.  The  Venus  costellata, 
and  the  ostrea  (0.  edulisy  according  to  Captain  King) 
are  now  the  commonest  shells  in  the  adjoining  bav*. 


OHAP.  n.  Elevation  of  Chiloe.  235 

In  a  bed  of  shells,  a  few  feet  below  the  850  feet  bed,  I 
found  a  horn  of  the  little  Oervus  humiliSy  which  now 
inhabits  Chiloe. 

The  eastern  or  inland  side  of  Chiloe,  with  its  many 
adjacent  islets,  consists  of  tertiary  and  boulder  deposits, 
worn  into  irregular  plains  capped  by  gravel.  Near 
Castro,  and  for  ten  miles  southward,  and  on  the  islet  of 
Lemuy,  I  found  the  surface  of  the  ground  to  a  height 
of  between  twenty  and  thirty  feet  above  high-water 
mark,  and  in  several  places  apparently  up  to  fifty  feet, 
thickly  coated  by  much  comminuted  shells,  chiefly  of 
the  Venus  costellata  and  MytUus  Chiloensis;  the 
species  now  most  abundant  on  this  line  of  coast.  As 
the  inhabitants  carry  immense  numbers  of  these  shells 
inland,  the  continuity  of  the  bed  at  the  same  height 
was  often  the  only  means  of  recognising  its  natural 
origin.  Near  Castro,  on  each  side  of  the  creek  and 
rivulet  of  the  Gamboa,  three  distinct  terraces  are  seen : 
the  lowest  was  estimated  at  about  150  feet  in  height, 
and  the  highest  at  about  500  feet,  with  the  country 
irregularly  rising  behind  it;  obscure  traces,  also,  of 
these  same  terraces  could  be  seen  along  other  parts  of 
the  coast.  There  can  be  no  doubt  that  their  three 
escarpments  record  pauses  in  the  elevation  of  the 
island.  I  may  remark  that  several  promontories  have 
the  word  Huapi,  which  signifies  in  the  Indian  tongue, 
island,  appended  to  them,  such  as  Huapilinao,  Huapi- 
lacuy,  Caucahuapi,  etc. ;  and  these,  according  to  Indian 
traditions,  once  existed  as  islands.  In  the  same  manner 
the  term  Pulo  in  Sumatra  is  appended  ^  to  the  names 
of  promontories,  traditionally  said  to  have  been  islands ; 
in  Sumatra,  as  in  Chiloe,  there  are  upraised  recent 
shells.     The  Bay  of  Carelmapu,  on  the  mainland  north 

>  Marsden's  *  Sumatra,'  p.  81. 
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of  Chiloe,  acoordiBg  to  Agtterrofl,*  waa  in  1648  a  good 
harbonr ;  it  is  now  quite  nselesa,  except  for  boats. 

Vaidivia. — I  did  not  obaerre  here  any  distinct  proofs 
flf  recent  eleration ;  bat  in  a  bed  of  very  soft  sandstone, 
forming  a  fringe-like  plain,  about  aixty  feet  in  height, 
ronnd  the  hills  of  mica-slate,  there  are  ^ella  of  Mytilns, 
Crepidola,  Solon,  Kovacolina,  and  Cyther^a,  too  im- 
perfect to  be  specifically  recogtused.  At  Imperial, 
seventy  miles  north  of  Valdivia,  Agtlerros  *  states  that 
there  are  large  beds  of  sheUs,  at  a  considerable  distance 
from  the  coast,  which  are  bnmt  for  lime.  The  island 
of  Mocha,  lying  a  little  north  of  Imperial,  was  npliilad 
two  feet,*  during  the  earthquake  of  18S5. 

Ckmcepeion. — I  cannot  add  anything  to  the  excellent 
account  by  Captain  FitzBoy  *  of  the  elevation  of  the 
land  at  this  place,  which  accompanied  the  earthquake 
of  1835.  I  will  only  recall  to  the  recollection  of 
geologists,  that  the  southern  end  of  the  island  of  St. 
Mary  waa  uplifted  eight  feet,  the  central  part  nine,  and 
the  northern  end  ten  feot;  and  the  whale  island  more 
than  the  surrounding  districts.  Great  be^ls  of  mussels, 
patellar,  and  chitons  still  adhering  to  the  rocks  were 
npraised  above  high-water  mark  ;  and  some  acres  of  a 
rocky  flat,  which  was  formerly  always  covered  by  the 
sea,  was  left  standing  dry,  and  exhaled  an  oifensive 
smell,  &om  the  many  attached  and  putrefying  shells. 

■  '  DeBcripcion  Hist,  de  la  ProTincia  de  C1ii1o£,*  p.  TB.  From  the 
Account  given  bj  tlie  old  Spanish  writets,  it  would  appear  that  several 
other  harbouiB,  between  this  point  and  Concepcion,  were  formcrlj 
touch  deeper  than  the;  now  are. 

■  'Uescripc.  Hiat.'  p.  25. 

•  •  Toyagea  ol  Adventure  and  Beag-lc,'  vol.  ii.  p.  116. 

*  Ibid.  vol.  li.  p.  412  ttug.  In  vol.  y.  (p.  601)  ol  the  'Qeolo- 
gloal  TiansactiODS,'  I  have  given  an  account  of  the  remarkable  vol- 
canic phenomena,  which  accompaaied  this  earthquiike.  These 
pbenomeua  appear  to  me  to  prove  that  the  action,  by  which  large 
tracte  of  land  are  uplifted,  and  by  which  volcaoiu  empUoua  are 
produced,  li  in  eveiy  respect  identi^. 
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It  appears  from  the  researches  of  Capt.  FitzRoy  that 
both  the  island  of  St.  Mary  and  Concepcion  (which  was 
uplifted  only  four  or  five  feet)  in  the  course  of  some 
weeks  subsided,  and  lost  part  of  their  first  elevation. 
I  will  only  add  as  a  lesson  of  caution,  that  round  the 
sandy  shores  of  the  great  Bay  of  Concepcion,  it  was 
most  diflScult,  owing  to  the  obliterating  effects  of  the 
great  accompanying  wave,  to  recognise  any  distinct 
evidence  of  this  considerable  upheaval ;  one  spot  must 
be  excepted,  where  there  was  a  detached  rock  which 
before  the  earthquake  had  always  been  covered  by  the 
sea,  but  afterwards  was  left  uncovered. 

On  the  island  of  Quinquina  (in  the  Bay  of  Concep- 
cion), I  found,  at  an  estimated  height  of  400  feet, 
extensive  layers  of  shells,  mostly  comminuted,  but  some 
perfectly  preserved  and  closely  packed  in  black  vege- 
table mould ;  they  consisted  of  Concholepas,  Fissurella, 
My  til  us,  Trochus,  and  Balanus.  Some  of  these  layers 
of  shells  rested  on  a  thick  bed  of  bright-red,  dry,  friable 
earth,  capping  the  surface  of  the  tertiary  sandstone, 
and  extending,  as  I  observed  whilst  sailing  along  the 
coast,  for  150  miles  southward :  at  Valparaiso,  we  shall 
presently  see  that  a  similar  red  earthy  mass,  though 
quite  like  terrestrial  mould,  is  really  in  chief  part  of 
recent  marine  origin.  On  the  flanks  of  this  island  of 
Quinquina,  at  a  less  height  than  the  400  feet,  there 
were  spaces  several  feet  square,  thickly  strewed  with 
fragments  of  similar  shells.  During  a  subsequent  visit 
of  the  Beagle  to  Concepcion,  Mr.  Kent,  the  assistant- 
surgeon,  was  so  kind  as  to  make  for  me  some  measure- 
ments with  the  barometer:  he  found  many  marine 
i^mains  along  the  shores  of  the  whole  bay,  at  a  height 
of  about  twenty  feet ;  and  from  the  hill  of  Sentinella 
behind  Talcahuano,  at  the  height  of  160  feet,  he  col- 
lected numerous  shells,  packed  together  close  beneath 
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the  Borfaoe  in  black  esrA,  oooBistiiig  of  two  species 
of  MytUus,  two  of  Giepidiila,  one  of  Goncholepaa,  of 
FiflBorella,  Yenns,  Mactra,  Turbo,  Monoceros,  and  the 
Balatnim  pdttacug.  These  shells  were  bleached,  and' 
within  some  of  the  Balani  other  Balani  were  growing, 
showing  that  they  must  haye  long  lain  dead  in  the  sea. 
The  above  species  I  compared  with  living  ones  finom 
the  bay,  and  found  them  identical;  but  having  since 
lost  the  specimens,  I  cannot  give  their  names :  this  is 
of  little  importance,  as  Mr.  Broderip  has  examined  ft 
similar  collection,  made  daring  Gapt.  Beechey's  expedi- 
tion, and  ascertained  that  they  consisted  of  ten  recent 
species,  associated  with  fragments  of  Echini,  crabs,  and 
Flostrao;  some  of  these  remains  were  estimated  by 
Lieut.  Belcher  to  lie  at  the  height  of  nearly  a  1,000  feet 
above  the  level  of  the  sea.*  In  some  places  round  the 
bay,  Mr.  Kent  observed  that  there  were  beds  formed 
exclusively  of  the  Mytilus  ChUoeTisis :  this  species  now 
lives  in  parts  never  uncovered  by  the  tides.  At  con- 
siderable heights,  Mr.  Kent  found  only  a  few  shells; 
but  from  the  summit  of  one  hill,  625  feet  high,  he 
brought  me  specimens  of  the  Concholepas,  Mytilus 
ChUoensis,  and  a  Turbo.  These  shells  were  softer  and 
more  brittle  than  those  from  the  height  of  164  feet; 
and  these  latter  had  obviously  a  much  more  ancient 
appearance  than  the  same  species  from  the  height  of 
only  twenty  feet. 

Coast  north  of  Ooncepcion. — ^The  first  point  exa- 
mined was  at  the  mouth  of  the  Rapel  (160  miles  N.o  f 
Ooncepcion  and  sixty  miles  S.  of  Valparaiso),  where  I 
observed  a  few  shells  at  the  height  of  100  feet,  and 
some  barnacles  adhering  to  the  rocks  three  or  four  feet 
above  the  highest  tides:    M.  Oay'  found  here  recent 

>  '  Zoology  of  Capt.  Beechey*s  Yojaget*  P*  168. 
•  <  Axmales  des  Selena  Nat.'  Avril  lb33. 
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shells  at  the  distance  of  two  leagues  from  the  shore. 
Inland  there  are  some  wide,  gravel-capped  plains,  inter- 
sected  by  many  broad,  flat-bottomed  valleys  (now  carry- 
ing insignificant  streamlets)  with  their  sides  cat  into 
successive  wall-like  escarpments,  rising  one  above 
another,  and  in  many  places,  according  to  M.  Gay, 
worn  into  caves.  The  one  cave  (0.  del  Obispo)  which 
I  examined,  resembled  those  formed  on  many  sea-coasts, 
with  its  bottom  filled  with  shingle.  These  inland 
plains,  instead  of  sloping  towards  the  coast,  are  inclined 
in  an  opposite  direction  towards  th^  Cordillera,  like  the 
successively  rising  terraces  on  the  inland  or  eastern  side 
of  Chiloe :  some  points  of  granite,  which  project  through 
the  plains  ne^r  the  coast,  no  doubt  once  formed  a  chain 
of  outlying  islands,  on  the  inland  shores  of  which 
the  plains  were  accumulated.  At  Bucalemu,  a  few 
miles  northward  of  the  Rapel,  I  observed  at  the  foot 
and  on  the  summit-edge  of  a  plain,  ten  miles  from  the 
coast,  many  recent  shells,  mostly  comminuted,  but 
some  perfect.  There  were,  also,  many  at  the  bottom  of 
the  great  valley  of  the  Maypu.  At  San  Antonio,  shells 
are  said  to  be  collected  and  burnt  for  lime.  At  the 
bottom  of  a  great  ravine  (Quebrada  Onda,  on  the  road 
to  Casa  Blanca),  at  the  distance  of  several  miles  from 
the  coast,  I  noticed  a  considerable  bed,  composed  ex- 
clusively of  Mesodesma  donaciforme^  Desh.,  lying  on  a 
bed  of  muddy  sand:  this  shell  now  lives  associated 
together  in  great  numbers,  on  tidal  flats  on  the  coast  of 
Chile. 

Vcdparaiso. 

During  two  successive  years  I  carefully  examined, 
part  of  the  time  in  company  with  Mr.  Alison,  into  all 
the  facts  connected  with  the  recent  elevation  of  this 
neighbourhood.     In  very  many  parts  a  beach  of  broken 
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Bhells,  about  fomteen  or  fifteen  feet  aboye  higb-water 
mark,  may  be  obaerved;  and  at  this  level  the  ooast- 
rocks,  where  predpitons,  are  corroded  in  a  band.  At 
one  spot^  Mr.  Alison,  bj  removing  some  birds'  dnng, 
fbnnd  at  this  same  level  barnacles  adhering  to  the  rocks. 
For  several  miles  sonthward  of  the  bay,  almost  every 
flat  little  headland,  between  the  heights  of  60  and  230 
feet  (measured  by  the  barometer),  is  smoothly  coated 
by  a  thick  mass  of  comminuted  shells,  of  the  same 
species,  and  apparently  in  the  same  proportional  num- 
bers with  those  eodsting  in  the  adjoining  sea.  The 
Ooncholepas  is  much  the  most  abundant,  and  the  best 
preserved  shell;  but  I  extracted  perfectly  preserved 
specimens  of  the  FissureOa  biradiaia^  a  Trochus  and 
Balanus  (both  well  known,  but  according  to  Mr.  Sowerby 
yet  unnamed)  and  parts  of  the  MytUus  ChUoensis. 
Most  of  these  shells,  as  well  as  an  encrusting  Nullipora, 
partially  retain  their  colour ;  bat  they  are  brittle,  and 
often  stained  red  from  the  underlying  brecciated  mass 
of  primary  rocks ;  some  are  packed  together,  either  in 
black  or  reddish  mould;  some  lie  loose  on  the  bare 
rocky  surfaces.  The  total  number  of  these  shells  is 
immense ;  they  are  less  numerous,  though  still  far  from 
rare,  up  a  height  of  1,000  feet  above  the  sea.  On  the 
summit  of  a  hill,  measured  557  feet,  there  was  a  small 
horizontal  band  of  comminuted  shells,  of  which  many 
consisted  (and  likewise  from  lesser  heights)  of  very 
young  and  small  specimens  of  the  still  living  Con- 
cholepas,  Trochus,  PatellaB,  Crepidulae,  and  of  MytUus 
MageUanicus  (?):*  several  of  these  shells  were  under 
a  quarter  of  an  inch  in  their  greatest  diameter.    My 


'  Mr.  Cnming  informs  me  that  he  does  not  think  this  species 
identical  with,  though  closely  resembling,  the  true  Af.  Ma^ell<inicits 
of  the  soathem  and  eastern  coast  of  South  America ;  it  lives  abun- 
dantly on  the  coast  of  Chile. 
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attention  waa  called  to  thie  circmnstance  by  a  native 
fisherman,  whom  I  took  to  took  at  these  shell-beds; 
and  he  ridiculed  the  notion  of  snch  small  shells  havinj^ 
been  brought  np  for  food ;  nor  could  some  of  the  species 
have  adhered  wben  alive  to  other  larger  shells.  On 
another  hill,  some  miles  distant,  and  648  feet  high,  I 
found  shells  of  the  Concholepas  and  Trochns,  perfect, 
though  very  old,  with  fragments  of  Mylilut  ChiloensU, 
all  embedded  in  reddish-brown  mould :  I  also  fonnd 
these  same  speoies,  with  frngrnenta  of  an  Echinns  and 
of  Balamts  psiltacus,  on  a  hill  1 ,000  feet  high.  Above 
this  height,  shells  became  very  rare,  thongh  on  a  hill 
1,300  feet  high,'  I  collected  the  Concholepas,  Trochns, 
Fisanrella,  and  a  Patella.  At  these  greater  heights  the 
shells  are  almost  invariably  embedded  in  monld,  and 
sometimes  are  exposed  only  by  tearing  np  bnshea. 
These  shells  obviously  had  a  very  much  more  ancient 
appearance  than  those  from  the  lesser  heights;  the 
apices  of  the  Trochi  were  often  worn  down ;  the  little 
holes  made  by  burrowing  animals  were  greatly  en- 
larged ;  and  the  Concholepas  was  often  perforated  quite 
through,  owing  to  the  inner  plates  of  shell  having 
scaled  off. 

Many  of  these  shells,  as  I  have  said,  were  packed  in, 
and  were  quite  filled  with,  blackish  or  reddish-brown 
earth,  resting  on  the  granitic  detritus.  I  did  not  doubt 
until  lately  that  this  mould  was  of  purely  terrestrial 
origin,  when  with  a  microscope  examining  some  of  it 
from  the  inside  of  a  Concholepas  from  the  height  of 
about  100  feet,  I  found  that  it  waa  in  considerable  part 
composed  of  minute  fragments  of  the  spines,  month- 
bones  and  shells  of  Echini,  and  of  minute  Augments, 
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daring  a  graddal  elevation  of  the  land.  The  presenoa, 
however,  of  ao  many  whole  and  perfeciJy  preeerred 
shells  appears  at  first  a  difficulty  on  tiiia  view,  oonaideP' 
ing  that  the  coaat  is  exposed  to  the  fnll  force  of  an 
open  ocean :  bat  we  may  soppose,  either  that  these 
shells  were  thrown  daring  gales  on  Bat  ledges  of  rock 
jost  above  the  level  of  high-wnter  mark,  and  that 
dnrisg  Uie  elevation  of  the  land  they  were  never  again 
tooohed  by  the  waves,  or,  that  dariog  earthquakes,  Bach 
aa  those  of  1822,  1835,  and  1837,  rocky  reefs  covered 
with  marine-atmnala  were  at  one  blow  aplifted  above 
tiie  futare  reach  of  the  sea.  This  latter  explanation  is, 
perhaps,  the  most  probable  one  with  respect  to  the  beds 
at  Concepcion  entirely  composed  of  the  MyHlus  Chi- 
IcenKS,  a  species  which  lives  below  the  lowest  tides; 
and  likewise  with  respect  to  the  great  beds,  occnrring 
both  north  and  south  of  Valparaiso,  of  the  Meeodeima 
dotuusiforme, — a  shell  which,  as  I  am  informed  by  Mr. 
Cuming,  inhabits  sand-banks  at  the  level  of  the  lowest 
tides.  Bat  even  in  the  case  of  shells  having  the  habits 
of  this  Mytilas  and  Mesodeama,  beds  of  them,  wherever 
the  sea  gently  throws  np  sand  or  mud,  and  thus  protects 
its  own  accamalationa,  might  be  upraised  by  the  slowest 
movement,  and  yet  remain  andisturbed  by  the  waves  of 
each  new  beach-line. 

It  is  worthy  of  remark,  that  nowhere  near  Valparaiso 
above  the  height  of  twenty  feet,  or  rarely  of  fifty  feet, 
1  saw  any  lines  of  erosion  on  the  solid  rocks,  or  any 
beds  of  pebbles ;  this,  I  believe,  may  be  accounted  for 
by  the  disintegrating  tendency  of  most  of  the  rocks  in 
this  neighbourhood.  Nor  is  the  land  here  modelled 
into  terraces:  Mr.  Alison,  however,  informs  me,  that 
on  both  sides  of  one  narrow  ravine,  at  the  height  of 
800  feet  above  the  sea,  he  found  a  succession  of  rather 
indistinct  step-formed   beaches,   composed   of   broken 
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ehelis,  which  together  covered  a  space  of  about  eighty 
feet  vertical. 

I  can  add  nothing  to  the  acconnta  already  published 
of  the  elevation  of  the  land  at  Valparaiso,'  which  ac- 
companied the  earthquake  of  1822  :  but  I  heard  it 
confidently  asserted,  that  a  sentinel  on  duty,  immedi- 
ately after  the  shock,  Baw  a  part  of  a  fort,  which  pre- 
viously was  not  within  the  line  of  his  vision,  and  this 
would  indicate  that  the  nplifliog  was  not  horizontal : 
it  would  even  appear  from  some  facta  collected  by  Mr. 
Alison,  that  only  the  eastern  half  of  the  bay  was  then 
elevated.  Through  the  kindness  of  this  same  gentle- 
man, I  am  able  to  give  an  interesting  account  of  the 
changes  of  level,  which  have  supervened  here  within 
historical  periods:  about  the  year  1680  a  long  sea-wall 
(or  PreSl)  was  built,  of  which  only  a  few  fragments 
now  remain ;  up  to  the  year  181 7,  the  sea  often  broke 
over  it,  and  washed  the  houses  on  the  opposite  side  of 
the  road  (where  the  prison  now  stands) ;  and  even  in 
1819,  Mr.  J.  Martin  remembera  walking  at  the  foot  of 
this  wall,  and  being  often  obliged  to  climb  over  it  to 
escape  the  waves.  There  now  stands  (1834)  on  the 
seaward  side  of  this  wall,  and  between  it  and  the  beach, 
in  one  part  a  single  row  of  houses,  and  in  another  part 
two  rows  with  a  street  between  them.  This  great 
extension  of  the  beach  in  so  short  a  time  cannot  be 
attributed  simply  to  the  accumulation  of  detritus;  for 
a  resident  engineer  measured  for  me  the  height  between 
the  lowest  part  of  the  wail  visible,  and  the  present 
beach-line  at  spring-tides,  and  the  difference  was  eleven 
feet  six  inches.  The  church  of  S.  Augustin  is  believed 
to  have  been  built  in  1614,  and  there  is  a  tradition  that 

'  Dr.  Heyen  ('  Reise  am  Brde.'  Th.  I.  s.  221)  found  in  IS31  lu- 
weed  and  other  bodies  Biill  Hdhering  to  some  rookiwbidi  daring  the 
•bock  of  1822  were  lifted  above  the  aKi. 
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the  aea  fimneil;  flcnred  -nej  near  it ;  bj  lerdliDg,  ita 
fimndationa  were  finmd  to  stand  nineteeo  feet  ax  indiN 
abontiieh^uMtbeMJi-Jiiie;  ao  that  we  see  in  a  period 
of  220  yeua,  the  deration  cannot  bare  been  as  mndi 
■■  nineteen  ftet  six  inches.  Item  the  &ctB  giTen  with 
respect  to  the  ses-wall,  and  finm  the  teetimonj  of  the 
eldw  inhalritnnta,  it  appean  oertun  that  the  dunge  in 
lenl  began  to  be  maniTest  aboot  the  year  1817.  The 
onlj  sodden  elevation  of  which  thcnv  in  any  leoord 
oonuied  in  1822,  and  tiiis  seems  to  have  been  less  than 
tiuee  feet.  Since  that  year,  I  was  asBured  by  sereial 
competent  obaeoren,  that  part  of  an  old  wreck,  which 
is  firmly  embedded  near  the  beach,  has  eeiudfaly 
emerged ;  hence  here,  as  at  Chiloe,  a  slow  rise  of  the 
land  appean  to  be  now  in  progress.  It  Beems  highly 
probable  that  the  rocks  which  are  corroded  in  a  baod 
at  the  height  of  fbarteen  feet  above  the  sea  were  acted 
OQ  during  the  period,  when  by  tradition  the  base  of 
8.  AngnBtin  chorch,  now  nineteen  feet  six  inches  above 
the  highest  water-mark,  was  occasionally  washed  by 
ibe  waves. 

ValparaUo  to  Coquimbo. — For  the  first  seventy- 
five  miles  north  of  Valparaiso  I  followed  the  coast-road, 
and  tbrongbont  this  space  I  observed  innumerable 
raasseB  of  npraised  shells.  About  Quintero  there  are 
immense  accumulations  (worked  for  lime)  of  the  Meso- 
demna  donaciforme,  packed  in  sandy  earth,  they  abonnd 
chiefly  aboat  fifteen  feet  above  high-water,  but  shells 
are  here  foniid,  according  to  Mr.  Miers,'  to  a  height  of 
500  feet,  and  at  a  distance  of  three  leagues  from  the 
ooast :  I  here  noticed  barnacles  adhering  to  the  rocks 
three  or  four  feet  above  the  bigheet  tides.  In  the 
'  '  Travcla  in  Chile,'  vol.  L  pp,  4B8, 3'J6.  I  received  several  similai 
acconntfl  from  the  JDhabitimls,  and  was  usared  that  there  are  mimj 
■hell*  on  thoplainof  CBiaBUii<»,ltetwe«nTBlparai»oiindSantiagOk 
U  ths  height  of  800  feet. 
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noighbonrhood  of  Plazilla  and  Catapilco,  at  heights  of 
between  200  and  300  feet,  the  number  of  comminnted 
shells,  witb  some  perfect  ones,  especially  of  the  Meao- 
desma,  packed  in  layers,  was  trnly  immense  :  the  land 
at  Plazilla  had  evidently  existed  as  a  bay,  with  abrupt- 
rocky  masses  rising  out  of  it,  precisely  like  the  islets  ia 
the  broken  bays  now  indenting  this  coast.  On  both 
sides  of  the  rivers  Ligua,  Longotomo,  Gnachen,  and 
Qailimari,  there  are  plains  of  gravel  about  200  feet  in 
height,  in  many  parts  absolutely  covered  with  shells. 
Close  to  Coochalee,  a  gravel-plain  is  fronted  by  a  lower 
and  similar  plain  about  sixty  feet  in  height,  and  this 
again  is  separated  from  the  beach  by  a  wide  tract  of 
low  land :  the  surfaces  of  all  three  plains  or  terraces 
were  strewed  with  vast  numbers  of  the  Concbolepaa, 
Mesodesma,  an  existing  Venus,  and  other  still  existing 
littoral  shells.  Tlie  two  upper  terraces  closely  resemble 
in  miniature  the  plains  of  Patagonia ;  and  like  them 
are  furrowed  by  dry,  flat-bottomed,  winding  valleys. 
Northward  of  this  place  I  turned  inward  ;  and  therefore 
found  no  more  shells  :  but  the  valleys  of  Chuapa,  lUapel, 
and  Limari,  are  bounded  by  gravol-capped  plains,  often 
including  a  lower  terrace  within.  These  plains  send 
bay-like  arms  between  and  into  the  surrounding  hills; 
and  they  are  continuously  united  with  other  extensive 
gravel-capped  plains,  separating  the  coast  monntain- 
ranges  from  the  Cordillera. 

GoqtixrtAii. 

A  narrow  fringe-like  plain,  gently  inclined  towards 
the  sea,  here  extends  for  eleven  miles  along  the  coast, 
with  arms  stretching  up  between  the  coast-mountains, 
and  likewise  up  the  valley  of  Coquimbo :  at  its  southern 
extremity  it  is  directly  connected  with  the  plain   of 
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beaches,  eand-danes,  and  successive  termces  of  grave!, 
all  above  the  present  level  of  the  eea.  From  the  steep- 
ness  of  the  land  on  thia  side  of  the  continent,  sheila 
have  rarely  Wen  found  at  greater  distances  inland  tlian 
from  two  to  three  leagues  ;  but  the  marks  of  sea-action 
are  evident  farther  from  the  coast ;  for  instance,  iu  the 
valley  of  Guasco,  at  a  distance  of  between  thirty  and 
fprty  miles.  Judging  from  the  upraised  shells  alone, 
the  elevation  in  Chiloe  has  been  350  feet,  at  Concepcioa 
certainly  625  feet,  and  by  estimation  1,000  feet;  at 
Valparaiso  1,300  feet;  at  Coquimbo  252  feet;  north- 
ward of  this  place,  sea-shells  have  not,  I  believe,  been 
fonnd  above  300  feet;  and  at  Lima  they  were  falling 
into  decay  (hastened  probably  by  the  salt)  at  eighty-five 
feet.  Not  only  has  this  amount  of  elevation  taken 
place  within  the  period  of  existing  Mollnsca  and  Cir- 
ripedes ;  but  their  proportional  numbers  in  the  neigh- 
bouring sea  have  in  most  cases  remained  the  same. 
Near  Lima,  however,  a  smalt  change  in  this  respect 
between  the  living  and  the  npntised  was  observed:  aG 
Coqnimbo  this  was  more  evident,  all  the  shells  being 
existing  species,  but  with  thone  embedded  in  the  npper- 
mcrat  calcareons  plain  not  approximating  bo  closely  in 
proportional  numbers,  as  do  those  that  lie  loose  on  its 
Borface  at  the  height  of  252  feet,  and  still  less  closely 
than  those  which  are  strewed  on  the  lower  plains,  which 
latter  are  identical  in  proportional  numbers  with  those 
now  cast  np  on  tiie  beach.  From  this  circumstance, 
and  from  not  finding,  npon  careful  examination,  near 
Coquimbo  any  shells  at  a  greater  height  than  252  feet, 
I  believe  that  the  recent  elevation  there  has  been  much 
less  than  at  Valpu^iso,  where  it  has  been  1,300  feet, 
and  I  may  add,  than  at  Concepcion.  This  considerable 
inequality  in  the  amount  of  elevation  at  Coqnimbo  and 
Valpartuso,  places  only  200  miles  apart,  U  not  im- 
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since  been    gradually  dissolved  by  water  percolating 
through  the  mass.^ 

The  shells  embedded  in  the  calcareous  beds  forming 
the  surface  of  this  fringe-like  plain,  at  the  height  of 
from  200  to  250  feet  above  the  sea,  consist  of, 


1.  V  enns  opaca. 

2.  Mulinia  Byronensis. 
8.  Pecten  porpuratas. 

i.  Mesodesma  donaciforme. 
6.  Torritella  ciDgalata. 


6.  Monoceroe  costatum. 

7.  Concholepas  Peruviana. 

8.  Trochas  (oommon  Valpa- 

raiso species). 

9.  Calyptraea  Byronensis. 


Although  these  species  are  all  recent,  and  are  all 
found  in  the  neighbouring  sea,  yet  I  was  particularly 
struck  with  the  difference  in  the  proportional  numbers 
of  the  several  species,  and  of  those  now  cast  up  on  the 
present  beach.  I  found  only  one  specimen  of  the  Con- 
cholepas, and  the  Pecten  was  very  rare,  though  both 
these  shells  are  now  the  commonest  kinds,  with  the 
exception,  perhaps,  of  the  Calyptrcea  radians,  of  which 
I  did  not  find  one  in  the  calcareous  beds.  I  will  not 
pretend  to  determine  how  far  this  difference  in  the 
proportional  numbers  depends  on  the  age  of  the  deposit, 
and  how  far  on  the  difference  in  nature  between  the 
present  sandy  beaches  and  the  calcareous  bottom,  on 
which  the  embedded  shells  must  have  lived. 

On  the  bare  surface  of  the  calcareous  plain,  or  in  a 
thin  covering  of  sand,  there  were  lying  at  a  height  from 
200  to  252  feet,  many  recent  shells,  which  had  a  much 
fresher  appearance  than  the  embedded  ones :  fragments 
of  the  Concholepas,  and  of  the  common  Mytilus,  still 
retaining  a  tinge  of  its  colour,  were  numerous,  and 
altogether  there  was  manifestly  a  closer  approach  in 
proportional  numbers  to  those  now  lying  on  the  beach. 
In  a  mass  of  stratified,  slightly  agglutinated  sand,  which 
in  some  places  covers  up  the  lower  half  of  the  seaward 

'  I  have  already  had  occasion  to  describe  this  rock  in  Chapter  VII. 
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eacarpment  of  the  plain,  tlie  indaded  shells  q>peaied  to 
be  in  exactly  the  same  proportional  nambers  with  those 
on  the  beach.  On  one  side  of  a  steepnsided  ravine, 
catting  through  the  plain  behind  Herradura  Bay,  I 
obsenred  a  narrow  strip  of  stratified  sand,  containing 
similar  shells  in  similar  proportional  numbers :  a  section 
of  the  ravine  is  represented  in  the  following  diagram, 
which  serves  also  to  show  the  general  composition  of  the 
plain.  I  mention  this  case  of  the  ravine  chiefly  becanse 
without  the  evidence  of  the  marine  shells  in  the  sand, 
any  one  would  have  supposed  that  it  had  been  hollowed 
out  by  simple  alluvial  action. 
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A.  Stratified  mnd,  with  recent  Bheils  in  same  proportions  as  on  the  beach,  half  filling 

np  a  rarine. 

B.  Smiace  of  plain  with  scattered  shdls  in  nearly  same  proportions  as  on  the  beach. 
0.  Upper  calcareous  bed,  )  with  reoent  shells,  but  not  in  same  proper- 

D.  Lower  calcareous  sandy  bed  (Losa),  i       tions  as  on  the  beach. 

E.  Upper  ferrugino^andy  old  tertiary  stratom,  )    with  all,  or  nearly  all,  extinct 

F.  Lower  old  tertiary  stratum,  j         shells. 


The  escarpment  of  the  fringe-like  plain,  which 
stretches  for  eleven  miles  along  the  coast,  is  in  some 
parts  fronted  by  two  or  three  narrow,  step-formed  ter- 
races, one  of  which  at  Herradura  Bay  expands  into  a 
small  plain.  Its  surface  was  there  formed  of  gravel, 
cemented  together  by  calcareous  matter ;  and  out  of  it 
I  extracted  the  following  recent  shells,  which  are  in 
a  more  perfect  condition  than  those  from  the  upper 
plain : — 
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1.  Calyptnea  radians. 

2.  Turritella  cingulata. 

3.  Oliva  Peruviana. 

4.  Murex  labiosus,  var. 

5.  Nassa  (identicaJ  with  a  living 
species). 

6.  Solen  Dombeiana. 

7.  Pecten  purpuratus. 

8.  Venus  Chilensis. 


9.  Amphidesma  rugulosum.  The 
small  irregular  wrinkles  of  tlie 
posterior  part  of  this  shell  are 
rather  stronger  than  in  the 
recent  specimens  of  this  species 
from  Ck)quimbo.  (G.  B. 
Sowerby.) 

10.  Balanus  (identical  with  liT« 
ing  species). 


On  the  syenitic  ridge,  which  forms  the  southern 
boundary  of  Herradura  Bay  and  Plain,  I  found  the 
Concholepas  and  Turritella  cingvlata  (mostly  in  frag- 
ments), at  the  height  of  242  feet  above  the  sea.  I  could 
not  have  told  that  these  shells  had  not  formerly  been 
brought  up  by  man,  if  I  had  not  found  one  very  small 
mass  of  them  cemented  together  in  a  friable  calcareous 
tuff.  I  mention  this  fact  more  particularly,  because  I 
carefully  looked,  in  many  apparently  favourable  spots 
at  lesser  heights  on  the  side  of  this  ridge,  and  could  not 
find  even  the  smallest  fragment  of  a  shell.  This  is  only 
one  instance  out  of  many,  proving  that  the  absence  of 
sea-shells  on  the  surface,  though  in  many  respects  inex- 
plicable, is  an  argument  of  very  little  weight  in  opposi- 
tion to  other  evidence  on  the  recent  elevation  of  the 
land.  The  highest  point  in  this  neighbourhood  at  which 
I  found  upraised  shells  of  existing  species  was  on  an 
inland  calcareous  plain,  at  the  height  of  252  feet  above 
the  sea. 

It  would  appear  from  Mr.  Caldcleugh's  researches,* 
that  a  rise  has  taken  place  here  within  the  last  century 
and  a  half ;  and  as  no  sudden  change  of  level  has  been 
observed  during  the  not  very  severe  earthquakes,  which 
have  occasionally  occurred  here,  the  rising  has  probably 
been  slow,  like  that  now,  or  quite  lately,  in  progress  at 
Chiloe  and  at  Valparaiso :  there  are  three  well-known 
rocks,  called  the  Pelicans,  which  in  1710,  according  to 

*  •  Proceedings  of  the  Geological  Society/  vol.  ii.  p.  446. 
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■tarta,  snch  bb  tboBe  accompanying  recent  earthqushes, 
or,  aa  is  most  probable,  by  snclt  Btoita  conjointly  with  a 
gradnal  upward  morement,  or  by  great  and  anddan 
DpheavalB,  I  have  no  direct  evidnice.  Bat  aa  on  tlie 
eastern  coast,  I  was  led  to  think,  from  the  analogy  of 
the  laat  hundred  feet  of  elevation  in  La  Plata,  and  &om 
the  nearly  eqnal  eize  of  the  pebbles  orer  the  entire 
width  of  the  terraces,  and  from  the  upraised  shells 
being  all  littoral  species,  that  the  elevation  had  been 
gradoal ;  eo  do  I  on  this  western  coast,  from  the  analogy 
of  the  morementa  now  in  progress,  and  from  die  vast 
nnmbtjrs  of  shells  now  living  ezclaaively  on  or  close  to 
the  beach,  which  are  strewed  over  the  whole  enrface  of 
the  land  np  to  very  considerable  heights,  conclade,  that 
the  movemeDt  here  also  has  been  slow  and  gradnal, 
aided  probably  by  small  occaaiona!  starts.  We  know 
at  least  that  at  Coquirabo,  where  five  escarpments  occur 
in  a  height  of  8Ci  feet,  that  the  successive  elevations, 
if  they  have  been  sudden,  cannot  have  been  very  great. 
It  has,  I  think,  been  shown  that  the  occasional  preserva- 
tion of  shells,  unrolled  and  unbroken,  is  not  improbable 
even  during  a  quite  gradual  rising  of  the  land ;  and 
their  preservation,  if  the  movement  has  been  aided  by 
small  starts,  is  quite  conformable  with  what  actually 
takes  place  during  recent  earthquakes. 

Judging  from  the  present  action  of  the  sea,  along 
the  shores  of  the  ]*acific,  on  the  deposits  of  its  own 
accumulation,  the  present  time  seems  in  most  places  to 
be  one  of  comparative  rest  in  the  elevutory  movement, 
and  of  denudation  of  the  land.  Undoubtedly  this  is 
tlie  case  along  tlie  whole  great  length  of  Patagonia. 
At  Cbiloe,  however,  we  have  seen  that  a  narrow  sloping 
fringe,  covered  with  vegetation,  separates  the  present 
sea-beach  from  a  line  of  low  cliffs,  which  the  waves 
hitely  re-ached;    here,  then,  the   land    is  gaining    iii 
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The  bottom  plain  (A)  is  about  a  mile  in  width,  and 
rises  quite  insensibly  from  the  beach  to  a  height  of 
twenty-five  feet  at  the  foot  of  the  next  plain  :  it  is  sandy, 
and  abundantly  strewed  with  shells. 

Plain  or  terrace  (B)  is  of  small  extent,  and  is  almost 
concealed  by  the  houses  of  the  town,  as  is  likewise  the 
escarpment  of  terrace  (0).  On  both  sides  of  a  ravine, 
two  miles  south  of  the  town,  there  are  two  little  ter- 
races, one  above  the  other,  evidently  corresponding  with 
(B)  and  (C)  ;  and  on  them  marine  remains  of  the  species 
already  enumerated  were  plentiful.  Terrace  (E)  is  very 
narrow,  but  quite  distinct  and  level ;  a  little  southward 
of  the  town  there  were  traces  of  a  terrace  (D)  inter- 
mediate between  (E)  and  (C).  Terrace  (F)  is  part  of 
the  fringe-like  plain,  which  stretches  for  the  eleven 
miles  along  the  coast ;  it  is  here  composed  of  shingle, 
and  is  100  feet  higher  than  where  composed  of  calca- 
reous matter.  This  greater  height  is  obviously  due  to 
the  quantity  of  shingle,  which  at  some  former  period 
has  been  brought  down  the  great  valley  of  C(5quimbo. 

Considering  the  many  shells  strewed  over  the  ter- 
races (A)  (B)  and  (0),  and  a  few  miles  southward  on 
the  calcareous  plain,  which  is  continuously  united  with 
the  upper  step-like  plain  (F),  there  cannot,  I  apprehend, 
be  any  doubt,  that  these  six  terraces  have  been  formed 
by  the  action  of  the  sea ;  and  that  their  five  escarp- 
ments mark  so  many  periods  of  comparative  rest  in  the 
elevatory  movement,  during  which  the  sea  wore  into 
the  land.  The  elevation  between  these  periods  may 
have  been  sudden  and  on  an  average  not  more  than 
seventy-two  feet  each  time,  or  it  may  have  been  gradual 
and  insensibly  slow.  From  the  shells  on  the  three 
lower  terraces,  and  on  the  upper  one,  and  I  may  add  on 
the  three  gravel-capped  terraces  at  Conchalee,  being  all 
littoral  and  sub-littoral  species,  and  from  the  analogical 
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Cuta  giren  at  ValparaiBo,  and  lastly  &(hb  the  evidence 
of  a  alow  Tiaiiig  lately  or  atill  inprogrcaBhere,it  appeiB 
to  me  fitf  roore  probable,  that  the  moranent  baa  been 
alow.  The  existence  of  these  moceeaive  escarpmenta, 
«r  old  diff-Jines,  ia  in  another  napecthi^yinstnictaTB, 
for  they  abow  periods  of  compantlve  rest  in  the  elerft- 
tory  morament,  and  of  denadatian,  which  wonld  never 
even  bare  been  anapected  from  a  cloee  examination  of 
many  milee  of  ooaat  aonthward  of  Coqnimbo. 

We  oome  now  to  the  terracoa  cm  the  oppoaite  aides 
of  the  east  utd  west  nJley  of  Coqaimbo :  tiie  following 
aaction  is  taken  in  a  north  and  aontb  line  scroes  the 
Talley  at  a  point  aboat  three  milea  from  tlie  sea.  The 
TsUe^  meaanred  from  the  edges  of  the  escarpmenta  of 
the  npper  plain  (F)  (F)  is  aboat  a  mile  in  width ;  bat 
from  the  boaes  of  the  boanding  monntaina  it  is  from 
three  to  four  miles  wide.  The  terraces  marked  with 
an  interrogative  do  not  exist  on  that  side  of  the  valley, 
bnt  are  introdnced  merely  to  render  the  diagram  more 
intelligible. 


Korth  ud  fionth  SaeUor 
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E  is  well  developed  on  the  aoatb  side,  bat  atieent  on  the  north  dde  of  the  Tslley ; 
thongh  not  oontinnously  united  with  (E)  of  the  fonner  section,  it  apparently 
oorrespondi  with  it. 

F  This  Ls  the  surface-plain,  and  is  continnoualy  nnited  with  that  whloh  stretches 
like  a  fringe  along  the  coast.  In  ascending  the  ralley  it  gxadnallj  becomes 
narrower,  and  is  at  last,  at  the  distance  of  about  ten  miles  from  the  sea,  reduced 
to  a  row  of  flat-topped  patches  on  the  sides  of  the  mountains.  None  of  the  lower 
terraces  extend  so  far  up  the  TaUey. 

These  five  terraces  are  formed  of  shingle  and  sand ; 
three  of  them,  as  marked  by  Oapt.  Basil  Hall  (namely, 
B,  0,  and  F),  are  much  more  conspicuous  than  the  others. 
From  the  marine  remains  copiously  strewed  at  the 
mouth  of  the  valley  on  the  lower  terraces,  and  south- 
ward of  the  town  on  the  upper  one,  they  are,  as  before 
remarked,  undoubtedly  of  marine  origin ;  but  within 
the  valley,  and  this  fact  well  deserves  notice,  at  a  dis- 
tance of  from  only  a  mile  and  a  half  to  three  or  four 
miles  from  the  sea,  I  could  not  find  even  a  fragment  of 
a  shell. 

On  the  inclination  of  the  terraces  of  Coquimbo^ 
and  on  the  upper  and  basal  edges  of  their  escarpments 
not  being  horizonfal. — The  surfaces  of  these  terraces 
slope  in  a  slight  degree,  as  shown  by  the  last  two  sections 
taken  conjointly,  both  towards  the  centre  of  the  valley, 
and  seawards  towards  its  mouth.  This  double  or 
diagonal  inclination,  which  is  not  the  same  in  the 
several  terraces,  is,  as  we  shall  immediately  see,  of 
simple  explanation.  There  are,  however,  some  other 
points  which  at  first  appear  by  no  means  obvious, — 
namely,  first,  that  each  terrace,  taken  in  its  whole 
breadth  from  the  summit-edg6  of  one  escarpment  to 
the  base  of  that  above  it,  and  followed  up  the  valley,  is 
not  horizontal ;  nor  have  the  several  terraces,  when 
followed  up  the  valley,  all  the  same  inclination;  thus 
I  found  the  terraces  C,  E,  and  F,  measured  at  a  point 
about  two  miles  from  the  mouth  of  the  valley,  stood 
severally  between  fifty-six  to  seventy-seven  feet  higher 
than  at  the  mouth.      Again,  if  we  look  to  any  one  line 
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of  cliff  or  escarpment,  neither  its  snmmit-edge  nor  its 
base  is  horizontal.  On  the  theory  of  the  terraces  having 
been  formed  daring  a  slow  and  equable  rise  of  the  land, 
with  as  many  intervals  of  rest  as  there  are  escarpments, 
it  appears  at  first  very  surprising  that  horizontal  lines 
of  some  kind  should  not  have  been  left  on  the  land. 

The  direction  of  the  diagonal  inclination  in  the 
different  terraces  being  different, — in  some  being  direc- 
ted more  towards  the  middle  of  the  valley,  in  others 
more  towards  its  mouth, — ^naturally  follows  on  the 
view  of  each  terrace,  being  an  accumulation  of  successive 
beach-lines  round  bays,  which  must  have  been  of  dif- 
ferent forms  and  sizes  when  the  land  stood  at  different 
levels :  for  if  we  look  to  the  actual  beach  of  a  narrow 
creek,  its  slope  is  directly  towards  the  middle;  whereas, 
in  an  open  bay,  or  slight  concavity  on  a  coast,  the  slope 
is  towards  the  mouth,  that  is,  almost  directly  seaward ; 
hence  as  a  bay  alters  in  form  and  size,  so  will  the  direc- 
tion of  the  inclination  of  its  successive  beaches  become 
changed. 

If  it  were  possible  to  trace  any  one  of  the  many 
beach-lines,  composing  each  sloping  terrace,  it  would 
of  course  be  horizontal ;  but  the  only  lines  of  demarca- 
tion are  the  summit  and  basal  edges  of  the  escarpments. 
Now  the  summit-edge  of  one  of  these  escarpments 
marks  the  furthest  line  or  point  to  which  the  sea  has 
cut  into  a  mass  of  gravel  sloping  seaward  ;  and  as  the 
sea  will  generally  have  greater  power  at  the  mouth  than 
at  the  protected  head  of  a  bay,  so  wil!  the  escarpment 
at  the  mouth  be  cut  deeper  into  the  land,  and  its 
summit-edge  be  higher ;  consequently  it  will  not  be 
horizontal.  With  respect  to  the  basal  or  lower  edges 
of  the  escarpments,  from  picturing  in  one's  mind  ancient 
bays  entirely  surrounded  at  successive  periods  by  cliff- 
formed  shores,  one's  first  impression  is  that  they  at  least 


CHAP.  IX.  not  Horizontal.  257 

necessarily  must  be  horizontal,  if  the  elevation  has  been 
horizontal.  But  here  is  a  fallacy :  for  after  the  sea  has, 
during  a  cessation  of  the  elevation,  worn  clifis  all  round 
the  shores  of  a  bay,  when  the  movement  recommences, 
and  especially  if  it  recommences  slowly,  it  might  well 
happen  that,  at  the  exposed  mouth  of  the  bay,  the 
waves  might  continue  for  some  time  wearing  into  the 
land,  whilst  in  the  protected  and  upper  parts  successive 
beach-lines  might  be  accumulating  in  a  sloping  surface 
or  terrace  at  the  foot  of  the  cliffs  which  had  been  lately 
reached :  hence,  supposing  the  whole  line  of  escarpment 
to  be  finally  uplifted  above  the  reach  of  the  sea,  its 
basal  line  or  foot  near  the  mouth  will  run  at  a  lower 
level  than  in  the  upper  and  protected  parts  of  the  bay ; 
consequently  this  basal  line  will  not  be  horizontal.  And 
it  has  already  been  shown  that  the  summit-edges  of 
each  escarpment  will  generally  be  higher  near  the 
mouth  (from  the  seaward  sloping  land  being  there  most 
exposed  and  cut  into)  than  near  the  head  of  the  bay ; 
therefore  the  total  height  of  the  escarpments  will  be 
greatest  near  the  mouth ;  and  further  up  the  old  bay 
or  valley  they  will  on  both  sides  generally  thin  out  and 
die  away:  I  have  obseiTcd  this  thinning  out  of  the 
successive  escarpment  at  other  places  besides  Coquimbo ; 
and  for  a  long  time  I  was  quite  unable  to  understand 
its  meaning.  The  following  rude  diagram  will  perhaps 
render  what  I  mean  more  intelligible ;  it  represents  a 
bay  in  a  district  which  has  begun  slowly  rising.  Before 
the  movement  commenced,  it  is  supposed  that  the 
waves  had  been  enabled  to  eat  into  the  land  and  form 
clifis,  as  far  up,  but  with  gradually  diminishing  power, 
as  the  points  A  A :  after  the  movement  had  commenced 
and  gone  on  for  a  little  time,  the  sea  is  supposed  still  to 
have  retained  the  power,  at  the  exposed  mouth  of  the 
bay,  of  cutting  down  and  into  the  land  as  it  slowly 
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n^Mwd  ■ooQ  to  hsre  loot  UuB  power,  owing  to  1^  nran 
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protected  sitnataon  uid  to  the  quantity  of  detritus 
brooght  down  by  the  river;  consequently  low  land  waa 
there  accnmulated.  As  this  low  land  was  formed  during 
a  alow  elevatory  movement,  its  surface  will  gently  slope 
npwardB  from  the  beach  on  all  sides.  Now,  let  ns 
imagine  the  bay,  not  to  make  the  diagram  more  com- 
plicated, suddenly  converted  into  a  valley :  the  basal 
line  of  the  cliffs  will  of  course  be  horizontal,  as  far  as 
the  beach  is  now  seen  extending  in  the  diagram ;  hut 
in  the  upper  part  of  the  valley,  this  line  will  be  higher, 
the  level  of  the  district  having  been  raised  whilst  the 
low  land  was  accumulating  at  the  foot  of  the  inland 
cliffs.  If,  instead  of  the  bay  in  the  diagram  being 
suddenly  converted  into  a  valley,  we  suppose  witti  mnch 
more  probability  it  to  he  upraised  slowly,  then  the 
waves  in  the  upper  parts  of  the  bay  will  continue  very 
gradually  to  fail  to  reach  the  cliffs,  which  are  now  in 
the  diagram  repreoented  as  waahed  by  the  sea,  and 
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which,  consequently,  will  be  lefb  standing  higher  and 
higher  above  its  level;  whilst  at  the  still  expoaed  mouth, 
it  might  well  happen  that  the  waves  might  be  enabled 
to  cut  deeper  and  deeper,  both  down  and  into  the  cliBa, 
as  the  land  slowly  rose. 

The  greater  or  lesser  destroying  power  of  the  waves 
at  the  mouths  of  successive  bays,  comparatively  with 
this  same  power  in  their  upper  and  protected  parts,  will 
vaiy  as  the  bays  become  changed  in  form  and  size,  and 
therefore  at  different  levels,  at  their  mouths  and  heads, 
more  or  less  of  the  surfaces  between  the  escarpments, 
(that  is,  the  accumulated  beach-lines  or  terraces)  will 
be  left  undestroyed :  from  what  has  gone  before  we  can 
see  that,  according  as  the  elevatory  movements  after 
each  cessation  recommence  more  or  less  slowly,  according 
to  the  amount  of  detritus  delivered  by  the  river  at  the 
heads  of  the  successive  bays,  and  according  to  the  degree 
of  protection  afforded  by  their  altered  forms,  so  will  a 
greater  or  less  extent  of  terrace  be  accumulated  in  the 
upper  part,  to  which  there  will  be  no  surface  at  a  cor- 
responding level  at  the  month  :  hence  we  can  perceive 
why  no  one  terrace,  taken  in  its  whole  breadth  and 
followed  up  the  valley,  is  horizontal,  though  each 
separate  beach-line  must  have  been  so ;  and  why  the 
inclination  of  the  several  terraces,  both  transversely, 
and  longitudinally  up  the  valley,  is  not  alike. 

I  have  entered  into  this  case  in  some  detail,  fori 
was  long  perplexed  (and  others  have  felt  the  same 
difficulty)  in  understonding  how,  on  the  idea  of  an 
equable  elevation  with  the  sea  at  intervals  eating  into 
the  land,  it  came  that  neither  the  terraces  nor  the  upper 
nor  lower  edges  of  the  escarpments  were  horizontal. 
Along  lines  of  coast,  even  of  great  lengths,  such  as  that 
of  Patagonia,  if  they  are  nearly  uniformly  exposed,  the 
corroding  power  of  the  waves  will   be  checked   and 
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Conquered  by  the  elevatory  movement,  as  ofien  as  it 
recomineDces,  at  aboat  the  same  period  ;  nnd  heoce  the 
terraces,  or  accumulatf^  beach-lines,  will  commeucd 
being  formed  at  nearly  tiie  same  levels:  at  e^ich  eatv* 
ceedinp  period  of  rest,  they  will,  also,  be  eaten  into  at 
nearly  the  same  rate,  and  consequently  there  will  be  a 
much  closer  coincidence  in  their  levels  and  inclinations, 
than  in  the  terraces  and  escarpments  formed  round 
bays  with  their  different  parts  very  diffL'rently  eiposed 
to  the  action  of  the  sea.  It  ie  only  where  the  waves 
are  enabled,  after  a  long  lapse  of  time,  slowly  to  corrode 
I  hard  rocks,  or  to  throw  up,  owing  to  the  supply  of 
(■■ediment  being  small  and  to  the  surface  being  steeply 
rSDclined,  a  narrow  beach  or  mound,  that  we  can  expect, 
^  as  at  Glon  Hoy  in  Suutluud,'  a  distinct  liuo  marking  an 
old  sea-level,  and  which  will  be  strictly  horizontal,  if 
the  subsequent  elevatory  movements  have  been  so :  for 
in  these  cases  no  discernible  effects  will  be  produced, 
except  daring  the  long  intervening  periods  of  rest; 
whereas  in  the  case  of  step-formed  coasts,  such  as  those 
described  in  this  and  the  preceding  chapter,  the  terraces 
themselves  are  accumulated  daring  the  slow  elevatory 
process,  the  accumulation  commencing  sooner  in  pro- 
tected than  in  exposed  sitnations,  and  sooner  where 
there  is  copious  supply  of  detritus  than  where  there  is 
little ;  on  the  other  hand,  the  steps  or  escarpments  are 
formed  during  the  stationary  periods,  and  are  more 
deeply  cot  down  and  into  the  coast-land,  in  exposed 
than  in  protected  situations ; — the  cutting  action,  more- 
over, being  prolonged  in  the  most  exposed  parts,  both 
during  the  beginning  andending,  if  slow,  of  theapward 
movement. 

Although  in  the  foregoing  discussion  I  have  assumed 
the  elevation  to  have  been  horizontal,  it  may  be  sus- 
■  ■  niUoKiphical  TrsfunctloDB,'  1S39,  p.  39. 
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pected,  from  the  considerable  seaward  slope  of  the 
terraces,  both  up  the  valley  of  S.  Cruz  and  up  that  of 
Coquimbo,  that  the  rising  has  been  greater  inland  than 
ne{*rer  the  coast.  There  is  reason  to  believe,*  from  the 
effects  produced  on  the  water-course  of  a  mill  during 
the  earthquake  of  1822  in  Chile,  that  the  upheaval  one 
mile  inland  was  nearly  double,  namely,  between  five 
and  seven  feet,  to  what  it  was  on  the  Pacific.  We  know, 
also,  from  the  admirable  researches  of  M.  Bravais,*  that 
in  Scandinavia  the  ancient  sea-beaches  gently  slope 
from  the  interior  mountain-ranges  towards  the  coast, 
and  that  they  are  not  parallel  one  to  the  other,  showing 
that  the  proportional  difference  in  the  amount  of  eleva- 
tion on  the  coast  and  in  the  interior,  varied  at  different 
periods. 

Coquimho  to  Gnusco, — In  this  distance  of  ninety 
miles,  I  found  in  almost  every  part  marine  shells  up  to 
a  height  of  apparently  from  200  to  300  feet.  The 
desert  plain  near  Choros  is  thus  covered ;  it  is  bounded 
by  the  escaq^ment  of  a  higher  plain,  consisting  of  pale- 
coloured,  earthy,  calcareous  stone,  like  that  of  Coquimbo, 
with  the  same  recent  shells  embedded  in  it.  In  the 
valley  of  Chaneral,  a  similar  bed  occurs  in  which,  dif- 
ferently from  that  of  Coquimbo,  I  observed  many  shells 
of  the  Coucholepas :  near  Guasco  the  same  calcareous 
bed  is  likewise  met  with. 

In  the  valley  of  Guasco,  the  step-formed  terraces  of 
gravel  are  displayed  in  a  more  striking  manner  than  at 
any  other  point.  I  followed  the  valley  for  thirty-seven 
miles  (as  reckoned  by  the  inhabitants)  from  the  coast 
to  Ballenar :  in  nearly  the  whole  of  this  distance,  five 


*  Mr.  Place,  in  the  *  Quarterly  Journal  of  Science,'  1824,  vol.  xvii. 
p.  42. 

*  '  Voyages  de  la  Comm.  da  Nord,'  &o. :  also, '  Comptes  Bendns,* 
Oct.  1842. 
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grand  terraces,  running  at  corresponding  heights  on 
both  sides  of  the  broad  valley,  are  more  conspicuous 
than  the  three  best  developed  ones  at  Coquimbo.  They 
give  to  the  landscape  the  most  singular  and  formal 
aspect;  and  when  the  clouds  hung  low,  hiding  the 
neighbouring  mountains,  the  valley  resembled  in  the 
most  striking  manner  that  of  Santa  Cruz.  The  whole 
thickness  of  these  terraces  or  plains  seems  composed  of 
gravel,  rather  firmly  aggregated  together,  with  occasional 
parting  seams  of  clay :  the  pebbles  on  the  upper  plain 
are  often  white-washed  with  an  albuminous  substance, 
as  in  Patagonia.  Near  the  coast  I  observed  many  sea- 
shells  on  the  lower  plains.  At  Freyrina  (twelve  miles 
up  the  valley),  there  are  six  terraces  beside  the  bottom- 
surface  of  the  valley  :  the  two  lower  ones  are  here  only 
from  200  to  300  yards  in  width,  but  higher  up  tlie 
valley  they  expand  into  plains  :  the  third  terrace  is 
generally  narrow  :  the  fourth  I  saw  only  in  one  place, 
but  there  it  was  distinct  for  the  length  of  a  mile :  the 
fifth  is  very  broad  :  the  sixth  is  the  summit-plain, 
which  expands  inland  into  a  great  basin.  Not 
having  a  barometer  with  me,  I  did  not  ascertain  the 
height  of  these  plains,  but  they  appeared  consider- 
ably higher  than  those  at  Coquimbo.  Their  width 
varies  much,  sometimes  being  very  broad,  and  some- 
times contracting  into  mere  fringes  of  separate  flat- 
topped  projections,  and  then  quite  disappearing:  at 
the  one  spot,  where  the  fourth  terrace  was  visible,  the 
whole  six  terraces  were  cut  off  for  a  short  space  by  one 
single  bold  escarpment.  Near  Ballenar  (thirty-seven 
miles  from  the  mouth  of  the  river),  the  valley  between 
the  summit-edges  of  the  highest  escarpment  is  several 
miles  in  width,  and  the  five  terraces  on  both  sides  are 
broadly  developed  :  the  highest  cannot  be  less  than 
600  feet  above  the  bed  of  the  river,  which  itself  must, 
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I  conceive,  be  some  handred  feet  above  the  sea.  A 
north  and  south  section  acrosa  the  valley  in  this  part  is 
here  represented. 

No.  26. 

H  the  VaHfly  ol  Gauoo,  tai  ot  a  plain  e 


Tmra  of  BdleDB. 


On  the  northern  side  of  the  valley  the  summit-plain 
of  gravel  (A)  has  two  escarpments,  one  facing  the  valley, 
and  the  other  a  great  basin-Uke  plain  (B),  which 
stretches  for  several  leagues  northward.  This  narrow 
plain  (A)  with  the  double  escarpment,  evidently  once 
formed  a  spit  or  promontory  of  gravel,  projecting  into 
and  dividing  two  great  bays,  and  subsequently  was 
worn  on  both  sides  into  steep  cliffs.  Whether  the 
several  eacarpmento  in  this  valley  were  formed  during 
the  same  stationary  periods  with  those  of  Coquimbo 
I  wilt  not  pretend  to  conjecture ;  but  if  so,  the  inter- 
vening and  subsequent  elevatory  movements  must  have 
been  here  much  mora  energetic,  for  these  plains  cer- 
tainly stand  at  a  much  higher  level  than  do  those  of 
Coqairabo. 

Copiapo. — From  Guasco  to  Copiapo,  I  followed  the 
road  near  the  foot  of  the  Cordillera,  and  therefore  saw 
no  uprai.'^eil  remains.  At  the  mouth,  however,  of  the 
valley  of  Copiiipo  there  is  a  plain,  estimated  by  Meyen ' 
between  fifty  and  seventy  feet  in  height,  of  which  the 
upper  part  consists  chiefly  of  gravel,  abounding  with 
recent  shells,  ehieHy  of  the  Concholepas,  Venus  Domheyi, 
and  Cahji'lnva  Irochi/ormis.  A  little  inland,  on  a 
plain  estiraatied  by  myself  at  nearly  300  feet,  the  upper 
■  ■  Beiue  unt  die  Eide.'    Tb.  1.  b.  372,  et  seq. 


v;ill'-v  r-f  r'.^i'i  :|>o  i.s  iirich  !♦/-•«  ■«••  -'{''y 
«i  J--,  r   :;i   i*  -  c    .r--  t;;-.!i  ;i'.v  <  >* :.  -r  v;; 
in  Lijil^j;  aii'l  its  b<<ttoin  d'-'S  n-'t  g'-:. 
gravel :  there  are  no  step-formed  ttrraco 
one  spot  near  the  mouth  of  the  great 
the  Des[X)blado  where  there  are  only  tw 
other:  lower  down  the  valley,  in  one  ] 
that  the  solid  rock  had  been  cut  into 
beach  and  was  smoothed  over  with  shin 
Northward  of  Copiapo,  in  lat.  26°  S., 
Wafer*   found   immense   numbers  of  i 
miles  from   the  coast.     At  Cobija  (lai 
d'Orbigny  observed  beds  of  gravel  and 
containing  ten  species  of  recent  shells ; 
on  projecting  points  of  porphjrry,  at  a 
feet,  shells  of  Concholepas,  Chiton,  Calypl 
and  Patella,  still  attached  to  the  spots 
had  lived.     M.  d'Oflbigny  argues  from 
the  elevation  must  have  been  great  an 

'  Burnett's  •  Collection  of  Voynges,'  vol.  iv.  p. 

«  •  Voyage.  Part.  G6olog.'  p.  94.  M.  d'Orbigr 
ming  np,  says,  *  8'il  est  certain  (as  he  believes)  qu 
en  pente,  compris  entre  la  mer  et  les  montagnes  sc 
de  la  mer,  on  doit  supposer,  pour  rensemble.  un  ex 
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me  it  appears  far  more  probable  that  the  movement 
was  gradual,  with  small  starts  as  during  the  earth- 
quakes of  1822  and  1835,  by  which  whole  beds  of  shells 
attached  to  the  rocks  were  lifted  above  the  subsequent 
reach  of  the  waves.  M.  d'Orbigny  also  found  rolled 
pebbles,  extending  up  the  mountain  to  a  height  of  at 
least  600  feet.  At  Iquique  (lat.  20°  12'  S.),  in  a  great 
accumulation  of  sand,  at  a  height  estimated  between  150 
and  200  feet,  I  observed  many  large  sea-shells  which  I 
thought  could  not  have  been  blown  up  by  the  wind  to 
that  height.  Mr.  J.  H.  Blake  has  lately  *  described 
these  shells :  he  states  that  '  inland  toward  the  moun- 
tains they  form  a  compact  uniform  bed,  scarcely  a  trace 
of  the  original  shells  being  discernible;  but  as  we 
approach  the  shore,  the  forms  become  gradually  more 
distinct  till  we  meet  with  the  living  shells  on  the  coast.' 
This  interesting  observation,  showing  by  the  gradual 
decay  of  the  shells  how  slowly  and  gradually  the  coast 
must  have  been  uplifted,  we  shall  presently  see  fully 
confirmed  at  Lima.  At  Arica  (lat.  18^  28'),  M, 
d'Orbigny  *  feund  a  great  range  of  sand-dunes,  four- 
teen leagues  in  length,  stretching  towards  Tacna,  in- 
cluding recent  shells  and  bones  of  Cetacea,  and  reach- 
ing up  to  a  height  of  300  feet  above  the  sea.  Lieut. 
Freyer  haa  given  some  more  precise  facts  :  he  states  • 
that  the  Morro  of  Arica  is  about  400  feet  high ;  it  is 
worn  into  obscure  terraces,  on  the  bare  rock  of  which 
he  found    Balini  and   Milleporsa  adhering.      At    the 

at  a  depth  of  300  feet,  and  at  a  depth  of  600  feet  several  of  these 
saine  shells  were  accamulating  in  great  numbers  in  horizontal  beds. 
From  what  I  have  myself  seen  in  dredging,  I  believe  this  to  be 
improbable  in  the  highest  degree,  if  not  impossible;  and  I  think 
every  one  who  has  read  Prof.  E.  Forbes's  excellent  researches  on  the 
■object,  will  without  hesitation  agree  in  this  conclusion. 

*  Silliman's  *  Amer.  Jour,  of  Science,*  vol.  xliv.  p.  2. 
«  •  Voyage,'  &c.  p.  101. 

•  In  a  letter  to  Mr.  Lyell,  *  Geolog.  Proo.*  vol.  11.  p.  119. 
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heigbt  of  between  twenty  and  thirty  feet  the  sheUs 
and  corals  were  in  a  quite  fresh  state,  bat  at  fifty  feet 
they  were  mach  abraded ;  there  were,  however,  traces 
of  organic  remains  at  greater  heights.  On  the  road 
from  Tacna  to  Areqoipa,  between  Loqnimbo  and 
Moqnegna,  Mr.  M.  HamUton  ^  found  numerous  recent 
sea-shells  in  sand,  at  a  considerable  distance  from  the 
sea. 

£tma. 

Northward  of  Arica,  I  know  nothing  of  the  coast 
for  about  a  space  of  five  degrees  of  latitude;  but  near 
GallaOy  the  port  of-  Lima,  there  is  abundant  and 
very  curious  evidence  of  the  elevation  of  the  land. 
The  island  of  San  Lorenzo  is  upwards  of  1,000  feet 
high ;  the  basset  edges  of  the  strata  composiDg  the 
lower  part  are  worn  into  three  obscure,  narrow,  sloping 
steps  or  ledges,  which  can  be  seen  only  when  standing 
on  them :  they  probably  resemble  those  described  by 
Lieut.  Freyer  at  Arica.  The  surface  of  the  lower  ledge, 
which  extends  from  a  low  cliflf  overhanging  the  sea  to 
the  foot  of  the  next  upper  escarpment,  is  covered  by  an 
enormous  accumulation  of  recent  shells.*  The  bed  is 
level,  and  in  some  parts  more  than  two  feet  in  thick- 
ness ;  I  traced  it  over  a  space  of  one  mile  in  length, 
and  heard  of  it  in  other  places :  the  uppermost  part  is 
eighty-five  feet  by  the  barometer  above  high-water 
mark.  The  shells  are  packed  together,  but  not  strati- 
fied ;  they  are  mingled  with  earth  and  stones,  and  are 
generally  covered  by  a  few  inches  of  detritus ;  they 
rest  on  a  mass  of  nearly  angular  fragments  of  the 
underlying  sandstone,  sometimes  cemented  together  by 

*  *  Kdin.  New  Phil.  Jour.'  vol.  xxx.  p.  155. 

•  M.  Chevalier,  in  the  *  Voyage  of  the  Bonite/  observed  these 
shells;  bat  his  specimens  were  lost.. — '  L'lnstitut,'  1838,  p.  151. 
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common  salt.  I  collected  eighteen  species  of  shells  of 
all  ages  and  sizes.  Several  of  the  univalves  had  evi- 
dently long  lain  dead  at  the  bottom  of  the  sea,  for 
their  insides  were  incrusted  with  Balani  and  Serpulse. 
All,  according  to  Mr.  G.  B.  Sowerby,  are  recent  species: 
they  consist  of — 


1.  MytilusMagcllanicns:sameas 

that  found  at  Valparaiso,  and 
there  stated  to  be  probably 
distinct  from  the  true  M. 
Magellanicu$  of  the  east 
coast. 

2.  Venus  costellata,  Sowb.  *Zool. 

Proc' 

3.  Pecten  purpuratus,  Lara. 

4.  Chama,  probably  echinulata, 

Brod. 

5.  CalyptrsBa  P.yronensis.  Gr.ay. 

6.  radians    (Trochus, 

Lam.). 


7.  Fissorella  affinis,  Gray. 

8.  biradiata,  Trembly. 

9.  Purpura  chocolatta,  Duclos. 

10.  Peruviana,  Gray. 

1 1.  labiata,  Gray. 

12.  buxea(Murex,Brod.). 

13.  Concholepas  Peruviana. 

14.  Nassa,  related  to  reticulata. 
16.  Triton  ru<lis,  IJrod. 

IG.  'i'rochus,  not  yet  described, 
but  well  known  and  very 
common. 

17  and  18.  Balanus,  two  species, 
both  common  on  the  coast. 


These  upraised  shells  appear  to  be  nearly  in  the 
same  proportional  numbers — with  the  exception  of 
the  Crepidulae  being  more  numerous — with  those  on 
the  existing  beach.  The  state  of  preservation  of  the 
different  species  differed  much  ;  but  most  of  them  were 
much  corroded,  brittle,  and  bleached:  the  upper  and 
lower  surfaces  of  the  Concholepas  had  generally  quite 
scaled  off:  some  of  the  Trochi  and  Fissurellae  still 
partially  retain  their  colours.  It  is  remarkable  that 
these  shells,  taken  all  together,  have  fully  as  ancient  an 
appearance,  although  the  extremely  arid  climate  appears 
highly  favourable  for  their  preservation,  as  those  from 
1,300  feet  at  Valparaiso,  and  certainly  a  more  ancient  ap- 
pearance than  those  from  500  to  GOO  feet  from  Valparaiso 
and  Concepcion :  at  which  places  1  have  seen  grass  and 
other  vegetables  actually  growing  out  of  the  shells. 
Many  of  the  univalves  here  at  San  Lorenzo  were  tilled 
ftnd  united  together  by  pure  salt,  probably  left  by  the 


tlieso  slu'lls  on   San  Lorenzo,  I  foun 
tlir    Imrnv  ovulr-c.-i-i'S    of    Mollu^ca.  1" 
1m)Ii.-s   of    bird-,   tli.'    ln-ads    of    Jinli.'u 
vegetable  matter,  a  piece  of  woven  ri 
of  nearly  decayed  cotton  string.     I  e: 
mains  by  digging  a  hole,  on  a  level  sj 
all    indisputably  been   embedded  wil 
compared  the  plaited  rush,  the  cotton  j 
corn,  at  the  house  of  an  antiquary,  wit 
taken  from  the  Huacas  or  burial-grour 
Peruvians,  and  they  were  undistinguii 
be  observed  that  the  Peruvians   usee 
cotton.     The  small  quantity  of  sand  oi 
shells,  the  absence  of  large  stones,  the 
ness  of  the  bed,  and  the  time  requisi 

*  The  underhang  sandstone  contains  true  la; 
the  salt  may  possibly  have  come  from  the  beds 
of  the  island  ;  but.  1  think  more  probably  from  i 
genorjdiy  asserted  tliat  rain  never  falls  on  the  co£ 
is  not  quite  accurate ;  for,  on  several  days,  dur; 
called  Penivian  dew  fell  in  sutttcient  quantity 
muddy,  and  it  would  certainly  have  washed  so 
stance  as  salt  into  the  soil.  I  state  this  becai 
discussing  an  analogous  subject,  supposes  that  1 
it  never  rains  on  thLs  whole  line  of  coast.  See  U 
ii.  *  Eng.  Trans  '  p.  67)  for  an  account  of  the  mu 
and  on  the  continuance  of  the  mists  during  the  \ 
also,  falls  at  rare  intprvnic  i^»'^.«  :^  *»       ^  • 
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be  cut  into  the  sandstone,  all  show  that  these  remains 
were  not  thrown  high  np  by  an  earthquake-wave :  on 
the  other  hand,  these  facts,  together  with  the  number 
of  dead  shells,  and  of  floating  objects,  both  marine  and 
terrestrial,  both  natural  and  human,  render  it  almost 
certain  that  they  were  accumulated  on  a  true  beach, 
since  upraised  eighty-five  feet,  and  upraised  this  much 
since  Indian  man  inhahited  Peru.  The  elevation 
may  have  been,  either  by  several  small  sudden  starts, 
or  quite  gradual  \  in  this  latter  case  the  unrolled  shells 
having  been  thrown  up  during  gales  beyond  the  reach 
of  the  waves  which  afterwards  broke  on  the  slowly 
emerging  land.  I  have  made  these  remarks,  chiefly 
because  I  was  at  first  surprised  at  the  complete  differ- 
ence in  nature,  between  this  broad,  smooth,  upraised 
bed  of  shells,  and  the  present  sliiugle-beach  at  the  foot 
of  the  low  sandstone-cliffs ;  but  a  beach  formed,  when 
the  sea  is  cutting  into  the  land,  as  is  shown  now  to  be 
the  case  by  the  low  bare  sandstone-cliffs,  ought  not  to 
be  compared  with  a  beach  accumulated  on  a  gently  in- 
clined rocky  surface,  at  a  period  when  the  sea  (probably 
owing  to  the  elevatory  movement  in  process)  was  not 
able  to  eat  into  the  land.  With  respect  to  the  mass  of 
nearly  angular,  salt-cemented  fragments  of  sandstone, 
which  lie  under  the  shells,  and  which  are  so  unlike  the 
materials  of  an  ordinary  sea-beach ;  I  think  it  probable 
after  having  seen  tbe  remarkable  effects  *  of  the  earth- 
quake of  1835,  in  absolutely  shattering  as  if  by  gun- 
powder the  surface  of  the  primary  rocks  near  Concepcion, 
that  a  smooth  bare  surface  of  stone  was  left  by  the  sea 
covered  by  the  shelly  mass,  and  that  afterwards  when 
upraised,  it  was  superficially  shattered  by  the  severe 
shocks  so  often  experienced  here. 

*  I  have  described  these  effects  in  my  *  JourDal  of  Researches,* |ii 
303,  2Dd  edit.,  1845. 
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The  verjr  low  land  anrrounding  the  town  of  Oallao^ 
ia  to  the  Bontii  joined  by  an  obscore  escarpment  to  a 
Itigher  pltun  (aonth  of  Bella  VlBta),  vhic^  stretohieB 
along  the  ooaet  for  a  length  of  about  eight  milea.  This 
plain  appears  to  the  eye  qaite  lerel ;  but  the  sea-difb 
show  that  its  height  vuiea  (as  far  as  I  oonld  eBtimate) 
from  70  to  120  feet.  It  is  compoeed  of  thin,  sometimes 
waving,  beds  of  0I&7,  often  of  bright  red  and  yellow 
colonrs,  of  layers  of  impure  sand,  and  in  one  part  with 
a  great  stratified  mass  of  granitic  pebbles.  These  beds 
are  capped  by  a  remarbaUe  mass,  vaiying  from  two  to 
ax  feet  in  thickness,  of  reddish  loam  or  mnd,  containing 
many  scattered  and  broken  fragments  of  recent  marine 
shells,  sometimes  though  rarely  edngle  large  round 
pebbles,  more  frequently  short  irregnlar  layers  of  fine 
gravel,  and  very  many  pieces  of  red  coarse  earthenware, 
which  from  their  curvatures  must  once  have  formed 
parts  of  large  vesaela.  The  earthenware  is  of  Indian 
manufacture;  and  I  found  exactly  similar  pieces  acci- 
dentally included  within  the  bricks,  of  which  the.  neigh- 
bouring ancient  Peruvian  burial-mounds  are  built. 
These  fragments  abounded  in  such  numbers  in  certain 
spots,  that  it  appeared  as  if  waggon-loads  of  eartlien- 
ware  had  been  smashed  to  pieces.  The  broken  sea- 
shells  and  pottery  are  strewed  both  on  the  suiface,  and 
throughout  the  whole  thickness  of  this  upper  loamy 
maaa.  I  found  them  wherever  I  examined  the  cliffs, 
for  a  space  of  between  two  and  three  miles,  ond  for 
half  a  mile  inland  j  and  there  can  be  little  doubt  that 
this  same  bed  extends  with  a  smooth  surface  severnl 
mile-s  further  over  the  entire  plain.  Besides  the  little 
included  irregular  layers  of  small  pebbles,  there  are 
occasionally  very  obscure  traces  of  stnifificntion. 

At  one  of  the  highest  parts  of  the  cliff,  estimated 
120  feet  above  tiie  sea,  where  a  little  ravine  came  down, 
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there  were  two  sections,  at  right  angles  to  each  other, 
of  the  floor  of  a  shed  or  building.  In  both  sections  or 
faces,  two  rows,  one  over  the  other,  of  large  round  stones 
could  be  distinctly  seen;  they  were  packed  close  to- 
gether on  an  artificial  layer  of  sand  two  inches  thick, 
which  had  been  placed  on  the  natural  clay-beds;  the 
round  stones  were  covered  by  three  feet  in  thickness  of 
the  loam  with  broken  sea-shells  and  pottery.  Hence, 
before  this  widely  spread- out  bed  of  loam  was  deposited, 
it  is  certain  that  the  plain  was  inhabited;  and  it  is 
probable,  from  the  broken  vessels  being  so  much  more 
abundant  in  certain  spots  than  in  others,  and  from  the 
underlying  clay  being  fitted  for  their  manufacture,  that 
the  kilns  stood  here. 

The  smoothness  and  wide  extent  of  the  plain,  the 
bulk  of  matter  deposited,  and  the  obscure  traces  of 
stratification  seem  to  indicate  that  the  loam  was  de- 
posited under  water;  on  the  other  hand,  the  presence 
of  sea-shells,  their  broken  state,  the  pebbles  of  various 
sizes,  and  the  artificial  floor  of  round  stones,  almost 
prove  that  it  must  have  originated  in  a  rush  of  water 
from  the  sea  over  the  land.  The  height  of  the  plain, 
namely,  120  feet,  renders  it  improbable  that  an  earth- 
quake-wave, vast  as  some  have  here  been,  could  have 
broken  over  the  surface  at  its  present  level ;  but  when 
the  land  stood  eighty-five  feet  lower,  at  the  period  when 
the  shells  were  thrown  up  on  the  ledge  at  S.  Lorenzo, 
and  when  as  we  know  man  inhabited  this  district,  such 
an  event  might  well  have  occurred ;  and  if  we  may  fur- 
ther suppose,  that  the  plain  was  at  that  time  converted 
into  a  temporary  lake,  as  actually  occurred,  during  the 
earthquakes  of  1713  and  1746,  in  the  case  of  the  low 
land  round  Callao  owing  to  its  being  encircled  by  a 
high  shingle- beach,  all  the  appearances  above  described 
will  be  perfectly  explained.     I  must  add,  that  at  a 
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lower  level  near  the  point  where  the  present  low  land 
loond  Callao  joins  the  higher  plain,  there  are  appear- 
ances of  two  distinct  deposits  both  apparently  fixrmed 
by  debacles:  in  the  npper  one,  a  horse's  tooth  and  a 
dog's  jaw  were  embedded ;  so  that  both  mnst  have  been 
fimned  after  the  settlement  of  the  Spaniards :  accord* 
ing  to  Aoosta,  the  earthquake-wave  of  1586  rose  eighty- 
four  feet. 

The  inhabitants  of  Callao  do  not  believe,  as  fiur  as  I 
conld  ascertain,  that  any  change  in  level  is  now  in  pro- 
gress. The  great  fragments  of  brickwork,  which  it  is 
asserted  can  be  seen  at  the  bottom  of  the  sea,  and  which 
have  been  adduced  as  a  proof  of  a  late  subsidence,  are, 
as  I  am  informed  by  Mr.  Gill,  a  resident  engineer, 
loose  fragments;  this  is  probable,  for  I  found  on  the 
beach,  and  not  near  the  remains  of  any  building,  masses 
of  brickwork,  three  and  four  feet  square,  which  had 
been  washed  into  their  present  places,  and  smoothed 
over  with  shingle  during  the  earthquake  of  171G.  The 
spit  of  land,  on  which  the  ruins  of  Old  Callao  stand,  is 
so  extremely  low  and  narrow,  that  it  is  improbable  in 
the  highest  degree  that  a  town  should  have  been  founded 
on  it  in  its  present  state ;  and  I  have  lately  heard  *  that 
M.  Tschudi  has  come  to  the  conclusion,  from  a  com- 
parison of  old  with  modem  charts,  that  the  coast  both 
south  and  north  of  Callao  has  subsided.  I  have  shown 
that  the  island  of  San  Lorenzo  has  been  upraised  eighty- 
five  feet  since  the  Peruvians  inhabited  this  country; 
and  whatever  may  have  been  the  amount  of  recent  sub- 
sidence, by  so  much  more  must  the  elevation  have  ex- 
ceeded the  eighty-five  feet.     In  several  places '  in  this 

'  I  am  indebted  for  this  fact  to  Dr.  B.  DiefFenbach.  I  may  add 
that  there  is  a  tradition,  that  the  islands  of  8an  Lorenzo  and  Fronton 
were  once  joined,  and  that  the  channel  between  S.  Lorenzo  and  the 
mainland,  now  above  two  miles  in  width,  was  so  narrow  that  cattle 
vuied  to  swim  over. 

*  *  Obscrvaciones  sobre  el  Clima  del  Lima,*  par  Dr.  H.  UnanCle, 
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neighbourhood,  marks  of  sea-aetion  have  been  observed : 
Ulloa  gives  a  detailed  account  of  such  appearances  at  a 
point  five  leagues  northward  of  Callao :  Mr.  Cniikshank 
found  near  Lima  successive  lines  of  sea-clifTs,  with 
rounded  blocks  at  their  bases,  at  a  height  of  700  feet 
above  the  present  level  of  the  sea. 

On  the  Dicay  of  upraised  Seor-Shelh, — I  have 
stated  that  many  of  the  shells  on  the  lower  inclined 
'  ledge  or  terrace  of  San  Lorenzo  are  corroded  in  a  pecu- 
liar manner,  and  that  thej  have  a  much  more  ancient 
appearance  than  the  same  species  at  considerablf  greater 
heights  on  the  coast  of  Chile.  I  have,  also,  stated  that 
these  shells  in  the  upper  part  of  the  ledge,  at  the  height 
of  eighty-five  feet  above  the  sea,  are  fiilling,  and  in 
some  parts  are  quite  changed  into  a  fine,  soft,  saline,  cal- 
careous powder.  The  finest  part  of  this  powder  has  been 
analysed  for  me,  at  the  request  of  Sir  H.  De  la  Beche, 
by  the  kindness  of  Mr.  Trenham  Eeeks  of  the  Museum 
of  Economic  Geology ;  it  consists  of  carbonate  of  lime 
in  abundance,  of  sulphate  and  muriate  of  lime,  and  of 
muriate  and  sulphate  of  soda.  The  carbonate  of  lime 
is  obviously  derived  from  the  shells ;  and  common  salt 
is  80  abundant  in  parts  of  the  bod,  that,  as  before 
remarked,  the  univalves  are  often  filled  with  it.  The 
sulphate  of  lime  may  have  been  derived,  as  has  probably 
the  common  salt,  from  the  evaporation  of  the  eea-spray, 
during  the  emergence  of  the  land ;  for  sulphate  of  lime 
is  now  copiously  deposited  from  the  spray  on  the  shores 
of  Ascension.'  The  other  saline  bodies  may  perhaps 
have  been  partially  thus  derived,  but  chiefly,  as  I  con- 
clnde  &om  the  following  facts,  through  a  diSerent 
means. 

p.  *.— Ulloa 'b  '  Voyage,'  vol.  iL  '  Eng.  Trans."  p.  07.— For  Mr.  Cmik- 
•hank'a  observations,  see  Mr.  Lyell's  'FrinoiplGS  of  Qeologj'  (lit 
•dit.),  vol.  iii.  p.  130. 

■  See  m7  discutsion  on  a  calcareoni  iacrostMioD  in  Cbapier  UL 
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Svpnfidal  Sa&ne  EepoaUt. 

TioB  subject  ma;  be  hare  conreniently  b«Bted  of; 
I  will  begin  with  tie  most  intereating  case,  namely, 
tiie  BnperGcial  saline  beds  near  Iqaiqne  in  Para.  Tbe 
porphyritic  monntaiDa  on  t^e  coast  riqa  abruptly  to  a 
height  of  between  1,900  and  3,000  feet :  between  their 
BntnniitH  and  an  inland  plain,  on  which  the  celebrated 
deposit  of  nitrate  of  soda  Ilea,  there  is  a  high  nndnlatoiy 
district,  oorered  by  a  remarkable  saperficial  aaliferons 
cmst,  chiefly  composed  of  oommon  salt,  either  in  white, 
hard,  opaque  nodules,  or  mingled  with  sand,  in  this 
latter  case  forming  a  compact  sandstone.  This  sali- 
feroua  superficial  cmst  extends  from  the  edge  of  the 
coasts-escarpment,  over  the  whole  face  of  the  country  ; 
but  never  attains,  as  I  am  assured  by  Mr.  BoUaert 
(long  resident  here)  any  great  thickness.  Although  a 
very  slight  sliower  falls  only  at  intervals  of  many  years, 
yet  small  funnel-shaped  cavities  show  that  the  salt  has 
been  in  some  parts  diaaolved.'  In  several  places  I  saw 
large  patches  of  sand,  quite  moist,  owing  to  the  quan- 
tity of  muriate  of  lime  (as  ascertained  by  Mr.  T.  Reeks) 
contained  in  them.  From  the  compact  salt-cemented 
Band  being  either  red,  purplish,  or  yellow,  according 
to  the  colour  of  the  rocky  strata  on  which  it  rested, 
I  imagined  that  this  substance  had  probably  been 
derived  through  common  alluvial  action  from  the  layers 
of  salt  which  occur  interstratified  in  the  surrounding 
mountains :  but  from  the  interesting  details  given  by 

'  It  is  gingnlar  how  slowly,  ftocording  to  the  observations  of  M. 
Cordier  on  the  Balt-mouatuin  of  Cardona  ia  Spnin  ('  Ann,  des  Mines 
Transl.  of  Qeolog.  Mem.'  by  De  la  Beohe,  p.  60),  salt  is  dissolved 
where  the  Bmoiint  of  rain  is  supposed  to  be  aa  much  aa  314  of  an 
Inch  in  the  y oar.  Jt  is  calcalated  that  only  five  feet  in  thicknesi  i* 
dissolved  in  the  oooise  of  a  oentoif , 
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M.  d'Orbigny,  and  from  finding  on  a  fresh  ezamination 
of  this  agglomerated  sand,  that  it  is  not  irregularly 
cemented,  but  consists  of  thin  layers  of  sand  of  different 
tints  of  coloar,  alternating  with  excessively  fine  paral- 
lel layers  of  salt,  I  conclude  that  it  is  not  of  allovial 
origin.  M.  d'Orbigny '  observed  analogous  saline  beds 
extending  from  Cobija  for  five  degrees  of  latitude 
northward,  and  at  heights  vatying  from  600  to  900 
feet:  from  finding  recent  sea-shells  strewed  on  these 
Baliferous  beds,  and  under  them,  great,  well-rounded 
blocks,  exactly  like  those  on  the  existing  beach,  he 
believes  that  the  salt,  which  is  invariably  superficial, 
has  been  left  by  the  evaporation  of  the  eea-water.  This 
same  conclusion  must,  I  now  believe,  be  extended  to 
the  superficial  saliferous  beds  of  Iquique,  though  they 
stand  about  3,000  feet  above  the  level  of  the  sea. 

AsBociatod  with  the  salt  in  the  superficial  beds, 
there  are  numerous,  thin,  horizontal  layers  of  impure, 
dirty-white,  friable,  gypseous  and  calcareous  tuSs.  The 
gypgnous  beds  are  very  remarkable,  from  abounding 
with,  BO  as  sometimes  to  be  almost  composed  of,  irregu- 
lar concretions,  from  the  size  of  an  egg  to  that  of  a 
man's  head,  of  very  hard,  compact,  heavy  gypsum,  in 
the  form  of  anhydrite.  This  gypsum  contains  some 
foreign  particles  of  stone;  it  is  stained,  judging  from 
its  action  with  borax,  with  iron,  and  it  exhales  a  strong 
aluminous  odour.     The  surfaces  of  the  concretions  are 

'  'Voyage.'  Ac.  p.  103.  M.  d'Orbigny  foand  this  deposit  inter- 
sected, iD  many  places,  by  deep  ravines,  ia  which  Ibere  was  do  salt. 
Btreams  must  once,  though  historically  unkDonn,  have  flowed  in 
them ;  and  M.  d'Orbigny  argues  from  the  presence  of  uudiraolvcd 
■alt  over  tbe  whole  surrounding  country,  that  tbe  atrGamin  must  have 
arisen  from  r^in  or  enon  having  fallen,  not  in  tbe  adjoining  country, 
but  on  the  now  arid  Cordillera.  I  may  remark,  that  from  having 
otmervcd  m>n°  of  Indian  buildings  in  absolutely  sterile  parts  of  tbe 
Chilian  Corrliltera  {'Journal,'  2nd  edit.  p.  337),  I  am  led  to  believe 
that  the  climate,  at  a  time  when  Indian  man  inhabited  this  port  at 
'    was  in  some  slight  degree  moie  humid  than  it  Is  at 
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marked  by  sharp,  radiatiiig,  or  biforcating  ridgea,  na  if 
they  had  been  ^at  not  really)  ocnroded :  internally 
they  are  penetrated  by  branching  veins  (like  those  of 
oalcareooB  spar  in  the  septaria  of  the  Iiondon  clay)  of 
pore  white  anhydrite.  These  reins  might  naturally 
have  been  thought  to  have  been  formed  by  snbaeqaent 
infiltration,  had  not  each  little  embedded  fragment  of 
rock  been  likewise  edged  in  a  very  remarkable  manner 
by  a  narrow  border  of  the  same  white  anhydrite :  Uiis 
shows  that  the  veins  must  have  been  formed  by  a  pro- 
cess of  segr^ation,  and  not  of  infiltration.  Some  of 
the  little  included  and  cracked  fragments  of  foreign 
rock  are  penetrated  by  i^e  anhydrite,  and  portions  have 
evidently  been  thns  mechanically  displaced :  at  St. 
Helena,  I  observed  that  calcareoas  matter,  deposited  by 
rain-water,  also  had  the  power  to  separate  small  frag- 
ments of  rock  from  the  larger  masses.  I  believe  the 
superficial  gypseous  deposit  is  widely  extended :  I  re- 
ceived specimens  of  it  from  Pisagua,  forty  miles  north 
of  Iquique,  and  likewise  from  Arica,  where  it  coats  a 
layer  of  pure  salt,  M.  d'Orbigny '  found  at  Cobija  a 
bed  of  clay,  lying  above  a  mass  of  upraised  recent  shells, 
which  was  saturated  with  sulphate  of  soda,  and  included 
thin  layers  of  fibrous  gypsum.  These  widely  extended, 
superficial,  beds  of  salt  and  gypsum,  appear  to  me  an 
interesting  geological  phenomenon,  which  could  be  pre- 
sented only  under  a  very  dry  climate. 

The  plain  or  bosiu,  on  the  borders  of  which  the 
famous  bed  of  nitrate  of  soda  lies,  is  situated  at  a 
distance  of  about  thirty  miles  from  the  sea,  being  sepa- 
rated from  it  by  the  saliferooa  district  just  described. 
It  stands  at  a  height  of  3,300  feet;  its  surface  is  level, 
and  some  leagues  in  width;  it  extends  forty  miles 
northward,  and  has  a  total  length  (as  I  was  iufonued 
>  •  Tojage  G£oIog.'  Ac  p.  SS, 


CHAP.  I.  Nitrate  of  Soda.  305 

by  Mr,  Belford  Wilson,  the  Consal-Gteaeral  at  Lima) 
of  420  miles,  In  a  well  near  the  works,  thirty-aiz 
yards  in  depth,  sand,  earth,  and  a  little  grarel  wei-e 
found :  in  another  well,  near  Alinoate,  fifby  yards  deep, 
the  whole  consiBted,  according  to  Mr.  Blake,'  of  clay, 
including  a  layer  of  enad  two  feet  thick,  which  rested 
on  fine  gravel,  and  this  on  coarse  gravel,  with  large 
rounded  fragments  of  rock.  In  many  parts  of  this  now 
utterly  desert  plain,  rushes  and  large  prostrate  trees  in 
a  hardened  state,  apparently  Mimosas,  are  found  buried, 
at  a  depth  from  three  to  six  feet;  according  to  Mr. 
Blake,  they  have  all  fallen  to  the  sonth-west.  The  bed 
of  nitrate  of  soda  is  said  to  extend  for  forty  or  fifty 
leagues  along  the  western  margin  of  the  plain,  but  iB 
not  found  in  its  central  part«  :  it  is  from  two  to  three 
feet  in  thickness,  and  is  so  hard  that  it  is  generally 
blasted  with  gunpowder ;  it  slopes  gently  upwards  from 
the  edge  of  the  plain  to  between  ten  and  thirty  feet 
above  its  level.  It  rests  on  sand  in  which,  it  is  said, 
vegetable  remains  and  broken  shells  have  been  found; 
shells  have  also  been  found,  according  to  Mr.  Blake, 
both  on  and  in  the  nitrate  of  soda.  It  is  covered  by 
asnperficial  mass  of  sand,  containing  nodules  of  common 
salt,  and,  as  I  was  assured  by  a  miner,  much  soft  gyp- 
seous matter,  precisely  like  that  in  the  superficial  crust 
already  described  :  cerlainly  this  ernst,  with  its  charac- 
teristic concretions  of  anhydrite,  comes  close  down  to 
the  edge  of  the  plain. 

The  nitrate  of  soda  varies  in  purity  in  different 
parts,  and  oftiio  contains  nodules  of  common  salt. 
According  to  Mr.  Blake,  the  proportion  of  nitrate  of 
silver  varies  from  twenty  to  seventy-five  per  cent.     An 
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analyriB  by  Hr.  A,  Hayes,  v&  an  ftrenge   qwmmen, 


KltntsofSod* 64-n 

BDlptu^otSod* a-00 

CbloridBofSoda 98-69 


The  *  mother  water '  at  Bome  of  the  refinenee  is  veiy 
rich  in  iodic  ealta,  and  is  supposed '  to  contain  mnch 
mnriate  of  lime.  In  an  unrefined  specimen  bronght 
home  by  myself,  Mr.  T.  Beekg  has  ascertained  that  the 
mariate  of  lime  is  very  abnndant.  With  respect  to  the 
origin  of  l^is  saline  mass,  from  the  manner  in  which 
the  gently  inclined,  c<»npact  bed  follows  for  so  many 
miles  the  sinaous  margin  of  the  plain,  there  can  be  no 
doubt  that  it  was  deposited  from  a  sheet  of  water ;  from 
the  fragments  of  embedded  shells,  from  the  abundant 
iodic  salts,  from  the  enperficial  saliferous  crust  occur- 
ring at  a  higher  level  and  being  probably  of  marine 
origin,  and  from  the  plain  resembling  in  form  those  ot 
Chile  and  that  of  TTfipatlata,  there  can  be  little  doubt 
that  this  sheet  of  water  was,  at  least  originally,  con- 
nected with  the  sea.* 

Thin,  superficial,  saline  IncrustafiovB.  —  These 
saline  incrugtntions  are  common  in  many  parts  of 
America:  Humboldt  met  with  them  on  the  table-land 


'  'LiloraryGaiftle,'I84I,p.  475. 

•  From  an  ottioial  docomcnt,  shown  tne  by  Mr.  Belford  Wilson, 
it  appears  that  the  iiTst  export  of  nitiate  of  noda  to  Europe  waa  ia 
Jul;  1630,  on  Freucb  accoaot,  in  a  British  ship  ;— 

In  1830,  the  entire  export  w  -  


1831, 
1632, 


17,300 

40,885 
111,400 


The  Spaaidi  quintal  neuljr  equals  100  Snglish  poundg. 
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of  Mexico,  and  the  Jesuit  Falkner  and  other  authors ' 
state  that  the;  occar  at  interrala  over  the  vast  plains 
extending  Trom  the  month  of  the  Plata  to  Rioja  and 
Catamarca.  Hence  it  is  that  during  droughts,  most  of 
the  streams  in  the  Pampas  are  saline.  I  nowhere  met 
with  these  incrustations  so  abundantly  aa  near  Bahta 
Blanca :  square  mOes  of  the  mnd-flats,  which  near  that 
place  are  raised  only  a  few  feet  above  the  sea,  just 
enough  to  protect  them  from  being  overflowed,  appear, 
after  diy  weather,  whiter  than  the  ground  after  the 
thickest  hoar-frost.  After  rain  the  salts  disappear,  and 
every  paddle  of  water  becomes  highly  saline ;  as  the 
sorface  dries,  the  capillary  action  draws  the  moisture  up 
pieces  of  broken  earth,  dead  sticks,  and  tufte  of  grass, 
where  the  salt  eBBoresces.  The  incrustation,  where 
thickest,  does  not  exceed  a  quarter  of  an  inch.  M. 
Parchappe  *  has  analysed  it ;  and  finds  that  the  fipeci- 
mens  collected  at  the  extreme  head  of  the  low  plain, 
near  the  B.  Manuelo,  consist  of  ninety-three  per  cent, 
of  sulphate  of  soda,  and  seven  of  common  salt ;  whilst 
the  specimens  taken  close  to  the  coast  contain  only 
sixty-three  per  cent,  of  the  sulphate  and  thirty-seven 
of  the  muriate  of  soda.  This  remarkable  (act,  together 
with  our  knowledge  that  the  whole  of  this  low  mnddy 
plain  has  been  covered  by  the  sea  within  the  recent 
period,  must  lead  to  die  suspicion  that  the  common 
salt,  by  some  unknown  process,  becomes  in  time 
changed  into  the  sulphate.  Friable  calcareous  matter 
is  here  abundant,  and  the  case  of  the  apparent  double 
decomjicsition  of  the  shells  and  salt  on  S.  Lorenzo, 
should  not  be  forgotten. 

The  saline  incrustations,  near  Bahia  Blanca,  are  not 

'  Azara  ('  I^tcIs,'  to),  t.  p.  SS)  coDBlden  tbat  the  Pamna  la  tho 
eaatem  boandary  of  the  ealif  erons  region ;  but  I  heard  of  '  nlltnlei ' 
Id  the  ProTioce  of  Butre  Rioa. 

*  H.  d'OrbigDj'i  'Torag^'  Jto.  Part.  HUt.  torn.  L  p.  661, 
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confined  to,  thoagli  moet  abandant  on,  tihe  low  maddy 
flats ;  for  I  noticed  some  on  a  calcareous  plain  between 
thirty  and  forty  feet  above  the  sea,  and  even  a  little 
000I1T8  in  >U11  higher  Talleya.  Low  allarial  tracts  in 
the  ralleys  of  the  riTers  Negro  and  Colcrado  are  also 
encmated,  and  in  the  latter  valley  such  spaces  appeared 
to  be  ocoasion^y  overflowed  by  the  river.  I  obeerved 
saline  inomstatioDa  in  some  of  the  valleys  of  aonthem 
Fatagtmia.  At  Port  Desire  a  low,  flat,  muddy  valley 
was  thickly  incrosted  by  salts,  whicb  <ni  andysis  by 
Vx.  T.  Beeks,  are  found  to  consist  of  a  mixture  of  bd1> 
phate  and  muriate  of  soda,  with  carbonate  of  lime  and 
eartliy  matter.  On  tie  western  side  of  the  oonlonent, 
the  Bonthem  coasts  are  moch  too  humid  ftur  this  |die- 
nomenon;  but  in  northern  Chile  I  again  met  with 
similar  incrustations.  On  the  hardened  roud,  in  parts 
of  the  broad,  flat-bottomed  valley  of  Copiapo,  the  saline 
matter  incrusts  the  ground  to  the  thickness  of  some 
inches :  specimens,  sent  by  Mr.  Bingley  to  Apothe- 
caries' Hall  for  analysis,  were  said  to  consist  of  car- 
bonate and  snlphste  of  so^a.  Much  sulphate  of  soda  is 
found  in  the  desert  of  Atacama.  In  alt  parts  of  S. 
America,  the  saline  incrustations  occur  most  frequently 
on  low  damp  surfaces  of  mud,  where  the  climate  is 
rather  dty;  and  these  low  surfaces  have,  in  almost 
every  case,  been  upraised  above  the  level  c^  the  sea, 
within  the  recent  period. 

Salt-lakes  of  Patagonia  and  La  Flita — Salinas, 
Gt  natural  ealt-lakes,  occur  in  various  formations  on  the 
eastern  side  of  the  continent, — in  the  argillaceo-calca- 
reoOH  deposit  of  the  Pampas,  in  the  sandstone  of  the 
Bio  Negro,  where  they  are  very  numerous,  in  thepumi- 
ceous  and  other  beds  of  the  Patagonian  tertiary  forma- 
tion, and  in  small  primary  districts  in  tbe  midst  of  this 
latter  formation.     Fort  S.  Jnlian  is  the  most  southerly 
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point  (lat.  49°  to  50°),  at  which  salinas  are  known  to 
occur.i  The  depressions,  ia  which  these  salt-lahea  liei, 
are  from  a  few  feet  to  sixty  metres,  as  aaaerted  b; 
M,  d'Orbigny,*  below  the  snrface  of  tiie  Bmroiindiiig 
plains;  and,  according  to  this  same  anthor,  near  the 
Bio  Negro  they  all  trend,  either  in  the  NE.  and  SW. 
or  in  E.  and  W.  lines,  coincident  with  the  general  slope 
of  the  plain.  These  depressions  in  the  plain  generally 
hare  one  side  lower  than  the  others,  bot  there  are  no 
oatlets  for  drainage.  Under  a  less  dry  climate,  an 
outlet  would  soon  hare  been  formed,  and  the  salt 
washed  sway.  The  salinas  oocnr  at  different  elevations 
above  tbe  sea;  they  are  often  several  leagues  in  dia- 
meter; they  are  generally  very  shallow,  bat  there  is  a 
deep  one  in  a  quartz-rock  formation  near  C.  Blanco.  In 
the  wet  season,  the  whole,  or  a  part,  of  the  salt  is  dis- 
solved, being  redeposited  dnring  the  succeeding  dry 
season.  At  this  period  the  appearance  of  the  anow- 
white  expanse  of  salt  crystallised  in  great  cubes,  is  very 
striking.  In  a  large  salina,  northward  of  the  Bio  N^ro, 
the  salt  at  the  bottom,  during  the  whole  year,  is  between 
two  and  three  feet  in  thickness. 

The  salt  rests  almost  always  on  a  thick  bed  of  black 
muddy  sand,  which  is  fetid,  probably  from  the  decay 
of  the  burrowing  worms  inhabiting  it.*  In  a  aalina, 
situated  about  fifteen  miles  above  the  town  of  El  Car- 
men on  the  Bio  Negro,  and  three  or  four  miles  from 
the  banks  of  that  river,  I  observed  that  this  black  mad 
rested  on  gravel  with  a  calcareous  matrix,  similar  to 
that  spread  over  the  whole  surrounding  plains :  at  Fort 

'  According  to  Aiara  ('Travels,' vol,  1.  p.  CS)  there  are  salt  lakM- 
■I  far  north  as  Cbaco  (Int.  ZG"),  on  tba  banks  of  the  Termejo.  The 
■alt  lakes  of  Siberia  appear  (Pallas'a  *  Travels,'  English  Tiana.  toL  I 
p.  £84)  to  occnr  in  ver;  rimilar  depresBiou  to  those  of  Pati^nia. 

'  '  Voyage  Gfolog,'  p.  63. 

■  Prof.  Bhienbei^  examined  boim  of  this  mnddf  taud,  bn(  ma 
unable  to  Bnd  in  it  anj  infosotia. 
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St.  Joli.io  the  mad,  alao,  rested  on  the  gravol:  henca 
tie  deprpssions  most  have  been  formed  anteriorly  to, 
or  contempomncoualy  with,  the  spreading  ont  of  the 
gravel.  I  was  informed  that  one  small  salina  occura  in 
an  alluvial  plain  within  the  valley  of  the  Rio  Negi-o, 
and  therefore  its  origin  must  be  subsequent  to  the  exca- 
vation of  that  valley.  'When  I  visited  the  salina,  fifteen 
miles  above  the  town,  the  salt  was  beginning  to  crystal- 
lise, and  on  the  muddy  bottom  there  were  lying  many 
cryatala,  generally  placed  cross-wayB  of  sulphate  of  soda 
(as  ascertained  by  Mr.  Eeoks),  and  embedded  in  the  mad, 
numerous  crystals  of  sulphate  of  lime,  from  one  to  three 
inches  in  length :  M.  d'Orbigny '  states  that  some  of 
these  crystals  are  acicnlar  and  more  than  even  nine 
inches  in  length ;  others  are  macled  and  of  great  purity: 
those  I  found  all  contnim-'il  pcuno  «nriil  in  their  centres. 
Ab  the  black  and  fetid  sand  overlies  the  gravel,  and 
that  overlies  the  regular  tertiary  strata,  I  think,there 
can  be  no  doubt  that  these  remarkable  crystals  of  sul- 
phate of  lime  have  been  deposited  from  the  waters  of 
the  lake.  The  inhabitants  call  the  crystals  of  eelenite, 
the  padre  del  sal,  and  those  of  the  salphate  of  soda, 
the  rnacire  del  sal ;  they  assured  me  that  both  are  found 
nnder  the  same  circnmstancea  in  several  of  the  neigh- 
bouring Salinas ;  and  that  the  sulphate  of  soda  is  an- 
nually dissolved,  and  is  always  crystallised  before  the 
common  salt  on  the'  muddy  bottom.*  The  association 
of  gypsum  and  salt  in  this  case,  as  well  as  in  the  snper- 
ficial  deposits  of  Iqaique,  appears  to  me  interesting, 
considering  how  generally  these  substances  are  associated 
in  the  older  stratified  formations, 

*  '  Voyage  Qiolog.'  p.  M. 

■  Thit  is  what  might  hare  been  expected ;  for  M.  Ballard  aaaexta 
CAcad.  dea  SdeDces,'  Oct.  7,  1S11)  that  sulphate  of  soda  Is  precipt- 
taAei  from  Mlntioii  more  readilj  from  water  couUdaing  mari^ 
ol  aoda  In  exoan,  than  bom  puie  mbar. 
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Mr.  Beeka  has  analyBed  for  me  some  of  the  salt 
from  the  salina  near  the  Bio  Negro,  he  finds  it  com- 
posed entirely  of  chloride  of  sodinm,  with  the  exception 
of  0'26  of  sulphate  of  lime  and  of  022  of  earthy  matter : 
there  are  no  traces  of  iodic  salts.  Some  salts  from  the 
ealina  Chiquitos  in  the  Fampean  formation,  is  eqnally 
pure.  It  la  a  Bingalar  fact,  that  the  salt  from  these 
Salinas  does  not  serre  eo  well  for  presemng  meat,  as 
sea-salt  from  the  Cape  de  Terde  Islands ;  and  a  mer- 
chant at  Buenos  Ayrea  told  me  that  he  considered  it  as 
fifty  per  cent,  less  valuable.  The  purity  of  the  Pata- 
gonian  salt,  or  absence  from  it  of  those  other  saline 
bodies  found  in  all  sea-water,  is  the  only  assignable 
cause  for  this  inferiority;  a  conclusion  which  is  sup- 
ported by  the  fact  lately  ascertained,'  that  those  salts 
answer  best  for  preserving  cheese  which  contain  most  of 
the  deliquescent  chlorides.* 

With  respect  to  the  origin  of  the  salt  in  the  salinas, 
the  foregoing  analysis  seems  opposed  to  the  view  enter- 
tained by  M.  d'Orbigny  and  others,  and  which  seems 
80  probable  considering  the  recent  elevation  of  this  line 
of  coast,  namely,  that  it  is  due  to  the  evaporation  of 
sea-water  and  to  the  drainage  from  the  surrounding 
strata  impregnated  with  eea-salt,  I  was  informed  (I 
know  not  whether  accurately)  that  on  the  northern  side 
of  the  salina  on  the  Bio  Negro,  there  is  a  small  brine 
spring  which  fiows  at  all  times  of  the  year;  if  this  be 
so,  the  salt  in  this  cose  at  least,  probably  is  of  subter- 
ranean origin.    It  at  first  appears  very  singular  that 

■  ■  Hort.  and  AgricalL  Gazette,'  1845,  p.  93. 

*  It  would  probably  well  answer  for  the  mercbanU  of  Bnenot 
Ayiei  (conaidenng  the  great  oonsumption  there  of  salt  for  preserving 
meat)  to  import  the  deliquesceiit  cblorides  tomii  with  the  salt  from 
the  Salinas:  Imayc^  atieatioii  to  the  fact,  that  at  Iqnlqne,  alar^ 
qoanlity  of  muriate  of  lime,  left  in  the  malhw-KiUer  daring  the 
nflnement  □(  the  nitrate  of  aoda,  U  annually  ttuown  swqr. 
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freah-water  con  often  be  procored  in  wells,'  and  is  some- 
times found  in  atnall  lakes,  quite  close  to  these  ealinaa. 
I  am  not  aware  that  this  fact  bears  particularly  ou  the 
origin  of  the  salt;  but  perhaps  it  ia  rather  opposed  to 
the  view  of  the  salt  haring  been  washed  out  of  the 
surrounding  superficial  strata,  bnt  not  to  ita  having 
been  the  residue  of  sea-water,  lefti  in  depressions  as  the 
land  was  slowly  elevated. 

'  Sir  W.  ParUh  stales  (■  Boenoa  Ajre*,'  4:c.  pp.  122  and  170)  ihat 
this  is  the  case  near  the  great  ^linaa  westwanl  of  tho  S.  Ventaiia. 
I  have  eecQ  Biniilar  statements  in  an  OLcient  MS.  Joomid  latelj 
published  \>j  S.  Angelis.  At  Iqniqae,  nheio  the  sarface  ia  ao  thickly 
encrnsiod  with  ealine  matter,  1  tasted  water  only  sligbily  brnckUli, 
procured  in  a  weU  thirty-six  yards  deep;  but  here  one  feels  less  aor- 
priso  at  ila  prcseoce,  aa  pore  nater  might  percolate  under  grooud 
bom  the  not  very  distuit  Coidillem. 


OV  THE  FOBIUTIONS  OF  THE  PAltFAS. 

VinMvtogiealcorutitutiiin—Mi^etevpieal  ttrtxtftro—Sii^nMAtre^ 
thelU  embedded  in  tetca-raek — Buenei  Ayret  to  tht  Cdvrado — S. 
Vmiana — Bahia  Sltutea  ;  M.  HermM3,hoiie*^idi^/vtariao/;  P, 
Alttl,  ihelU,  beriel  and  i^/'utoriao/  ;  eo-t^tteane  nf  thu  rtaoU  thetlt 
and  extiaet  fnammiferi^Bvcnoi  Ayret  to  St.  Fi—SlieUtaiu  i^ 
Mattodon — Infinaria — Inferior  marine  tartiarj/  rfrata,  ihAr  ag» 
—Hartal  tooth.  Banda  Oeibhtal— Ayirr^jiW  Fampean/ormt- 
tion—Iti/mer  tertiary  itrata,  rariatiim  ef,  aoiineetod  mUi,  valeani« 
aetum;  Naeranckeaui  Pataclumioa  at  S.  Julian  iii  Patagonia,  agt 
of,  lubtequent  to  living  moUtitea  and  to  tke  trratie  iloek  period. 
SUMMABX — Area  of  PamjieaA  formation — TheorUt  ef  origin — 
Source  of  tedimont — Eitnary  oriffin —  Qmiemparanaitii  tvUh  exitt- 
ing  moUvioa^Eelatioiit  to  underlying  tertiary  ttrata — Aneitnt 
depont  tif  ettvary  origin — EUration  and  meeemire  dopoHtion  ef 
tke  Pajupean  formation— Number  and  ttato  of  tA«  remain*  qf 
mammiferl ;  their  halitatiim,  food,  eitination,  and  rang! — flm* 
eintien — Loealitiot  in  Pampai  at  rehiek  mammifertti*  renaint 
hate  been  found. 

The  Pampean  formation  is  highly  intereBtiDg  from  its 
vaat  extent,  its  disputed  origin,  and  &om  the  nnmber 
of  extinct  gigantic  mammifers  embedded  in  it.  It  has 
upon  the  whole  a  very  uniform  character :  consisting  of 
a  more  or  less  dull  reddish,  slightly  indurated,  argil- 
laceous earth  or  mud,  often,  hut  not  f^ways,  including 
in  horizontal  lines  concretions  of  marl,  and  frequently 
passing  into  a  compact  marly  rock.  The  mud,  wher- 
ever I  examined  it,  even  close  to  the  concretions,  did 
not  contain  any  carbonate  of  lime.  The  concretions  are 
generally  nodnlar,  sometimes  rongh  externally,  some- 


tiBH*  ifalftifefmed ;  tlifljcra  (/a  eonn»et  Miiwluw^ 
bat  often  penetrated  (m  wdt  •■  Oe  mod)  hj  hurJiks 
■crpwiUtM  cnritiei^  uid  «icnwion«lly  vitb  Brragnkr 
iJMiiwi  in  tbetr  eentni,  fined  with  mmnte  ctjrtikof 
enboDBte  c/  lime;  Acj  am  of  «4ut«^  Imwn,  cr  pale 
piwkwh  tints,  often  naifced  \n  Uwk  dendiilK  man- 
^DMeor  iron;  tliey  are  collier  darker  cr  liglita-  tinted 
than  the  nfumiiditwf  mats;  theT  frmtMii  »oin-li  car^ 
hooate  rf  fime,  but  exhale  a  atnmg  ahuniiuons  odoor, 
and  kare^  when  dunired  in  acidg,  a  Iai;ge  but  Tirjiag 
icndoe^  of  whi^  die  greater  pari  oonwte  of  eaod. 
Iheie  eoncretiona  often  unite  into  imgakr  strata ;  and 
owr  Teiy  large  tracts  of  copnfay,  the  entire  Tn  Mil  oonsJats 
of  a  hard,  bat  generallf  eaTemoas  marly  vA. :  aome 
of  the  rarietiea  might  be  called  calcareoos  tnffa. 

Dr.  Carpenter  has  kindly  examined  niider  the  mi- 
croscope, diced  and  polieheJ  specimens  of  these  concre- 
tioofl,  and  of  the  solid  marl-rock,  collected  in  rarioos 
places  between  the  Colorado  and  St.  Yh  Bajada.  In 
the  greater  number,  Dr.  Carpenter  finds  that  the  whole 
snbstaDce  preiients  a  tolerably  nnifonii  amorphous  cha- 
racter, bnt  with  traces  of  incipient  crystalline  meta- 
morphosis ;  in  other  Bpecimens  he  finds  microscopically 
minute  rounded  concretions  of  an  amorphous  substance 
(resembling  in  size  those  in  oolitic  rocks,  bnt  not  having 
a  concentric  structnre),  nnit«d  by  a  cement  which  is 
often  crystalline.  In  some,  Dr.  Carpenter  can  perceive 
distinct  traces  of  shells,  corals,  Polytfaalomia,  and  rarely 
of  Bpongoid  bodies.  For  the  sake  of  comparison,  I  sent 
Dr.  Carpenter  specimeaB  of  the  calcareous  rock,  formed 
chiefly  of  fragments  of  recent  shells,  from  Coquimbo  in 
Chile :  in  one  of  these  specimens,  Dr.  Carpenter  finds, 
besides  the  larger  fragments,  microscopical  particles  of 
■bells,  and  a  varying  quantity  of  opaqne  amorphous 
matter;   in  another  specimen  from  the  same  bed,  he 
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finda  the  TrholQ  composed  of  the  amorpIioiiB  matter, 
with  layers  showing  indicataons  of  an  incipient  crystal- 
line metamorphosis :  hence  these  latter  specimens,  both 
in  external  appearance  uid  in  microscopical  stmctnre, 
closely  resemble  those  of  the  Pampas.  Dt,  Carpenter 
informs  me  that  it  is  well  known  that  chemical  preci- 
pitation throws  down  carbonate  of  lime  in  the  opaque 
amorphous  state ;  and  ho  ia  inclined  to  believe  that  the 
long-continued  attrition  of  a  calcareous  body  in  a  state 
of  crystalline  or  semi-crystalline  aggregation  (as,  for 
instance,  in  the  ordinary  shells  of  Molluscs,  which, 
when  sliced,  are  transparent]  may  yield  the  same  result. 
From  the  intimate  relation  between  all  the  Coquimbo 
specimens,  I  can  hardly  doubt  that  the  amorphous 
carbonate  of  lime  in  them  has  resulted  from  the  attri- 
tion and  decay  of  the  larger  fragment  of  shell :  whether 
the  amorphous  matter  in  the  marly  rocks  of  the  Pampas 
has  likewise  thus  originated,  it  would  be  hazardous  to 
conjecture. 

For  convenience  sake,  I  will  call  the  marly  rock  by 
the  name  given  to  it  by  the  inhabitants,  namely,  Tosca- 
rock;  and  the  reddish  argillaceous  earth,  Pampean 
mud.  This  latter  substance,  I  may  mention,  has  been 
examined  for  me  by  Professor  Ghrenberg,  and  the 
result  of  his  examination  will  be  given  under  the  proper 
localities. 

I  will  commence  my  descriptions  at  a  central  spot, 
namely,  at  Buenos  Ayres,  and  thence  proceed  6rst  south- 
ward to  the  extreme  limit  of  the  deposit,  and  aftierwards 
northward.  The  plain  on  which  Buenos  Ayres  stands 
is  from  thirty  to  forty  feet  in  height.  The  Pampean 
mud  ifl  here  of  a  rather  pale  colour,  and  includes  small 
nearly  white  nodules,  and  other  irregular  strata  of  an 
unusually  arenaceous  variety  of  tosca-rock.  In  a  well  at 
the  depth  of  seventy  feet,  according  to  Ignatio  Nunez, 
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mooh  toBoa-rock  waa  met  with,  and  tt  Bereral  points, 
at  100  feet  deep,  beds  of  aand  hare  been  found.  I  have 
already  given  a  ligt  of  the  recent  marine  and  eetnaz; 
shells  found  in  many  parts  cm  the  sur&ce  near  Bnenoc 
Ayres,  as  &r  as  three  and  fbnr  leagnea  from  the  Plata, 
Specimens  from  near  Ensenada,  given  ma  by  Sir  W. 
Parish,  where  .the  rock  is  qnarried  just  beneath  l^e 
Kor&ce  of  the  plain,  consist  of  broken  bivalves,  cemented 
1^  and  converted  into,  white  crystalline  carbonate  ol 
lima.  I  have  already  allnded,  in  the  first  chapter,  to 
»  apeoimen  (also  given  me  by  Sir  W.  Parish)  firom  tiie 
A.  del  Tristan,  in  which  shells,  resembling  in  every 
respect  the  Atara  lahiata,  d'Orbig.,  as  far  as  their 
worn  condition  permits  of  oomparimn,  are  embedded  in 
a  reddish,  softish,  somewhat  arenaceous  marly  rock: 
afler  careful  compariBon,  with  the  aid  of  a  microscope 
and  acids,  I  can  perceive  no  difference  between  the 
basts  of  *hi<t  rock  and  the  specimens  collected  by  me 
in  many  parts  of  the  Pnmpas.  I  have  also  stated,  on 
the  authority  of  Sir  W.  Parish,  that  northward  of 
Baenos  Ayres,  od  the  highest  parts  of  the  pbio,  about 
forty  feet  above  the  Plata,  and  two  or  three  miles  from 
it,  numerouB  shells  of  the  Azwra  hhiaia  (and  I  believe 
of  Venue  sintiosa)  occur  embedded  in  a  stratified 
earthy  Toasa,  including  small  marly  concretions  and  said 
to  be  precisely  like  the  great  Pampean  deposit.  Hence 
we  may  conclude  that  the  mud  of  the  Pampas  continued 
to  be  deposited  to  within  the  period  of  this  existing 
estuary  shell.  Although  this  formation  le  of  such 
immense  extent,  I  know  of  no  other  instance  of  the 
presence  of  shells  in  it. 

Bwnot  Ayres  to  the  Bio  Colorado. — With  the 
exception  of  a  few  metamorphic  ridgos,  the  conutry 
between  these  two  points,  a  distance  of  400  geographical 
miles,  belongs  to  the  Pampean  formation,  and  in  the 
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Bonthem  part  ia  generally"  formed  of  the  harder  and 
more  calcareona  varieties.  I  will  briefly  describe  my 
roate :  about  twenty-five  miles  SSW.  of  the  capital, 
in  i  well  forty  yards  in  depth,  the  upper  part,  and,  as  I 
was  assured,  the  entire  thickness,  was  formed  of  dark 
red  Pampean  mud  without  concretions.  North  of  the 
B.  Salado,  there  are  many  lakes ;  and  on  the  banks  of 
one  (near  the  Gnardia)  there  was  a  little  cliff  similarly 
composed,  bat  including  many  nodular  and  stalactiform 
concretions :  I  found  here  a  large  piece  of  tesselated 
armour,  like  that  of  the  Glyptodon,  and  many  &^ment8 
of  bones.  The  clifis  on  the  Salado  consist  of  pale- 
coloured  Pampean  mud,  inclnding  and  passing  into 
great  masses  of  tosca-rock :  here  a  skdeton  of  the 
Megatherinm  and  the  bones  of  other  extinct  quadrupeds 
(see  the  list  at  the  end  of  this  chapter)  were  found. 
Large  quantities  of  crystallized  gypsum  (of  which 
specimens  were  given  me)  occur  in  the  cliffs  of  this 
river;  and  likewise  (as  I  was  assured  by  Mr.  Lnmb)  in 
the  Pampean  mud  on  the  B.  Chuelo,  seven  leagues 
from  Buenos  Ayres :  I  mention  this  because  M.  d'Or- 
bigny  lays  some  stress  on  the  supposed  absence  of  this 
mineral  in  the  Pampean  formation. 

Southward  of  the  Salado  the  country  is  low  and 
swampy,  with  tosca-rock  appearing  at  long  intervals  at 
the  surface.  On  the  banks,  however,  of  the  Tapalguen 
(sixty  miles  south  of  the  Salado)  there  is  a  large  extent 
of  tosca-rock,  some  highly  compact  and  even  semi- 
crystalline,  overlying  pale  Pampean  mud  with  the  usual 
concretions.  Thirty  miles  further  south,  the  email 
qnartz-ridge  of  Tapalguen  is  firinged  on  its  northern 
and  southern  flank,  by  little,  narrow,  flat-topped  hills 
of  tosca-rock,  which  stand  higher  than  the  surrounding 
plain.  Between  this  ridge  and  the  Sierra  of  Gnitru- 
gneyn,  a  distance  of  sixty  miles,  the  country  is  Bwampy, 
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with  the  toBCa-rock  appearing  only  in  four  or  five  spots : 
this  aierra,  precisely  like  that  of  Tapalguen,  is  bordered 
by  horizontal,  often  clifT-boanded,  tittle  hills  of  toBca- 
rock,  higher  than  the  surrounding  plain.  Here,  also, 
a  new  appearance  was  presented  in  some  extensive  and 
level  banks  of  allavinm  or  detritus  of  the  neighbouring 
metamorphic  rocks;  but  I  neglected  to  observe  whether 
it  was  stratified  or  not.  Between  Guitru-gueyu  and 
the  Sierra  Ventana,  I  crossed  a  dry  plain  of  tosca-rock 
higher  than  the  country  hitherto  passed  over,  and  with 
small  pieces  of  denuded  table-land  of  the  same  forma- 
tion, standing  still  higher. 

The  marly  or  calcareous  beds  not  only  come  tip 
nearly  horizontally  to  the  northern  and  southera  foot 
of  the  great  quartzose  mountains  of  the  Sierra  Ventana, 
but  interfold  between  the  parallel  ranges.  The  suiier- 
ficial  beda  (for  I  nowhere  obtained  sections  more  than 
twenty  feet  deep)  retain,  even  close  to  the  mountains, 
their  usual  character :  the  uppermost  layer,  however, 
in  one  place  included  pebbles  of  quartz,  and  rested  on 
a  mass  of  detritus  of  the  same  rock.  At  the  veiy  foot 
of  the  mountains,  there  were  some  few  piles  of  quartz 
and  toaca-rock  detritus,  including  land-shells;  but  at 
the  distance  of  only  half  a  mile  from  these  lofty,  jagged, 
and  battered  monntaius,  I  could  not,  to  my  great  sur- 
prise, find  on  the  boundless  surface  of  the  calcareous 
plain  even  a  single  pebble.  Quartz-pebbles,  however, 
of  considerable  size  have  at  some  period  been  trans- 
ported to  a  distance  of  between  forty  and  fifty  miles  to 
the  shores  of  Bahia  Blanca.' 

The  highest  peak  of  the  S.  Ventaua  is,  by  Captain 
FitzRoy's  measurement,  3,340  feet,  and  the  calcareous 
plain   at   its   foot   (from   observations  taken  by   some 

'  SchmidlmeyerC  Travels  inCliilc.'p.  160)  slates  that  lie  first 
rnticcd  on  the  Pampas,  very  sm all  bits  of  rcil  ^riinito,  when  fifty 
miles  distant  from  the  aoathem  extremity  of  the  iDountaioa  o( 
Cordova,  which  project  on  llie  plain,  like  a  reef  into  tbc  sen. 
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Spanish  officers')  840  feet  above  the  sea-level.  On  tba 
flanka  of  the  monntains,  at  a  height  of  300  or  400  feet 
above  the  plain,  there  were  a  few  small  patches  of  con- 
glomerate and  breccia,  firmly  cemented  by  fermpnons 
matter  to  the  abmpt  and  battered  &ce  of  the  qnartz— 
traces  being  thus  exhibited  of  ancient  sea-action.  The 
high  plain  round  this  range  sinks  qnite  insensibly  to 
the  eye  on  all  sides,  except  to  the  north,  where  ita 
surface  is  broken  into  low  cliffs.  Roand  the  Sierras 
Tapalgnen,  Gnitm-gneyn,  and  between  the  latter 
and  the  Yentana  we  have  seen  (and  shall  hereafter 
see  ronnd  some  hills  in  Banda  Oriental),  that  the 
tosca-rock  forms  low,  flat-topped,  cliflT-boanded  hills, 
higher  than  the  sorronnding  plains  of  similar  compo* 
sition.  From  the  horizontal  Btratification  and  from 
the  appearance  of  the  broken  cliffs,  the  greater  height 
of  the  Pampean  formation  ronnd  these  primary  hills 
ought  not  to  be  altogether  or  in  chief  part  attributed 
to  these  several  points  having  been  npliiled  more  ener* 
getically  than  the  snrronnding  country,  bat  to  the 
argillaceo-calcareons  mad  having  collected  round  them, 
when  they  existed  as  islets  or  submarine  rocks,  at  a 
greater  height,  than  at  the  bottom  of  the  adjoining 
open  sea ; — the  cliffs  having  been  subseqaently  worn 
daring  the  elevation  of  the  whole  country  in  mass. 

Southward  of  the  Ventana,  the  plain  extends  larther 
than  the  eye  CKa  range ;  its  surface  is  not  very  level, 
having  alight  depressions  with  no  drainage  exits ;  it  is 
generally  covered  by  8  few  feet  in  thickness  of  sandy 
earth ;  and  in  some  places,  according  to  M.  Parchappe,' 
by  beds  of  clay  two  yards  thick.  On  the  banks  of  the 
Sauce,  four  leagues  SE.  of  the  Ventana,  there  is  an  im- 
perfect  section  about  200  feet  in  height,  displaying  in 
the  upper  part  toaca-rock  and  in  the  lower  part  red 

■  '  La  PUta,'  fto.  bj  Bir  W.  ParUb,  p.  14fl. 

■  M.  d'Orbignj,  ■  Vojage,  Fart,  oicdog.'  pp.  IT,  4S. 


320  Pampean  Formaiion.  taa  -a, 

Punpeao  miid.  At  the  settlement  of  Bahis  Blancaj 
the  uppermost  plain  is  composed  of  veoy  oompaot, 
Btntafied  tosca-rock,  oontadning  roonded  greinB  ol 
quarts  distdnguisbable  by  the  naked  eye:  the  lower 
plain,  on  which  the  Fortreas  stands,  is  described  by 
M.  Parchappe*  as  composed  of  solid  toaca-rock;  bntOie 
sections  which  I  examined  appeared  more  like  a  re< 
depoeited  mass  of  this  rock,  with  small  pebbles  and  fisff- 
ments  of  quartz.  I  shall  immediately  retnrn  to  Uie 
important  sectionB  <ni  the  ahoree  of  Bahia  Blanca, 
Twenty  milee  Bonthward  of  this  place,  there  js  a  r»* 
markable  ridge  extending  W.  by  N.  and  E.  by  S^ 
fbrmed  of  small,  separate,  flat-topped,  steep-sided  hills, 
rising  between  100  and  200  feet  above  the  Pampean 
plain  at  its  Bonthem  base,  which  plain  is  a  little  lower 
than  that  to  the  north.  The  uppermost  stratum  in 
this  ridge  consists  of  pale,  highly  calcareons,  compact 
tosca-rock,  reBting  (as  seen  in  one  plar«)  on  reddish 
Pamx>ean  mnd,  and  this  again  on  a  paler  kind :  at  the 
foot  of  the  ridge,  there  is  a  well  in  reddish  clay  or 
mud.  I  have  seen  no  other  instance  of  a  chain  of  hills 
belonging  to  the  Pampean  formation  j  and  as  the 
strata  shows  no  signs  of  disturbance,  and  as  the  direc- 
tion of  the  ridge  is  the  same  with  that  common  to  all 
the  metamorphic  lines  in  this  whale  area,  I  suspect 
that  the  Pampean  sediment  has  in  this  instance  been 
accumulated  on  and  over  a  ridge  of  hard  rocks,  instead 
of,  as  in  the  case  of  the  above-mentioned  Sierras,  round 
their  submarine  fianks.  South  of  this  little  chain  of 
tosca-rock,  a  plain  of  Pampean  mud  declines  towards 
the  banks  of  the  Colorado  :  in  the  middle  a  well  has  been 
dug  in  red  Pampean  mud,  covered  by  two  feet  of  white 
sottish,  highly  calcareous  tosca-rock,  over  which  lies  sand 
with  small  pebbles  three  feet  in  thickness — the  first 
appearance  of  that  vast  shingle  formation  described  in 
>  H.  d'Oibipir,  'Tt^age,  Put  Ofolog.'  pp.  47,  iS. 
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the  eightli  chapter.  In  the  first  aection  after  crossing 
the  Colorado,  an  old  tertiary  formation,  namelj,  the  Hiu 
Negro  sandstone  (to  be  described  in  the  next  chapter),  is 
Diet  with :  bat  from  the  accoants  given  me  by  the  Gaa- 
choB,  I  believe  that  at  the  month  of  the  Colorado  the 
Pampean  formation  extends  a  little  farther  southwards. 
Bakia  Bhmxa. — To  retnm  to  the  shores  of  this 
bay.  At  Monte  Hermoso  there  is  a  good  section, 
about  100  feet  in  height,  of  four  distinct  strata,  appear- 
ing to  the  eye  horizontal,  but  thickening  a  little 
towards  the  NW,  The  uppermost  bed,  about  twenty 
feet  in  thickness,  consists  of  obliquely  laminated,  soft 
sandstone,  including  many  pebbles  of  qnartTi,  and  fall- 
ing at  the  surface  into  loose  sand.  The  second  bed,  only 
six  inches  thick,  is  a  hard,  dark-coloured  sandstone. 
The  third  bed  is  pale-coloured  Pampean  mnd;  and 
the  foarth  ia  of  the  same  nature,  but  darker  coloured, 
including  in  its  lower  part  horizontal  layers  and  lines 
of  concretions  of  not  very  compact  pinkish  tosca-rock. 
The  bottom  of  the  sea,  I  may  remark,  to  a  distance  of 
several  miles  from  the  shore,  and  to  a  depth  of  between 
sixty  and  one  hundred  feet,  was  found  by  the  anchors 
to  ba  composed  of  tosca-rock  and  reddish  Pampean 
mud.  Professor  Ehrenbei^  has  examined  for  me  speci- 
mens of  the  two  lower  beds,  and  finds  in  them  three 
Polygastrica  and  six  Phytolitharia.'  Of  these,  only 
one  (Spongolilhia  Fustis?)  is  a  marine  form;  five  of 
them  are  identical  with  microscopical   stmctures,   of 

>  The  foUowing  list  is  given  in  the  '  Uonatsbericbtan  der  k5t^. 
Akad.  sa  Berlin,'  April  1845  :— 

POLTOASTBIOA. 
Frsgilaria  rliabdosoma,       i  Pinaalaria  I 

Gallionella  dislans.  | 

PHYTOLITHABIA. 
lithodonlinm  Borsa.  I  Litboa^ltdiam  nida. 

„  tnrc&tDin,  „  Sem. 

LitboEtjlidiam  ezeaoio.       |  Spongolithia  FaslU  I 
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brsckiali-water  origin,  hereafter  to  be  tnentioned,  from 
a  central  point  in  the  Pampean  formation.  In  these 
two  beds,  especially  in  the  lower  one,  bones  of  extinct 
mammifers,  some  embedded  in  tbeir  proper  relative 
positions  and  others  single,  are  very  nomerons  in  a  small 
extent  of  the  cUG&.  These  remains  consist  of,  first, 
the  bead  of  Ctenomys  atitiguv^,  allied  to  the  living 
0.  Brasilienais;  secondlj,  a  fragment  of  the  remains 
of  a  rodent;  thirdly,  molar  teeth  and  other  bones  of  a 
large  rodent,  closely  allied  to,  bub  distinct  &om,  the 
existing  species  of  Hydrochoems,  and  therefore  probably 
an  inhabitant  of  fresh  water ;  fonrth  and  fifthly,  portions 
of  Tertebrce,  limbs,  ribs,  and  other  bones  of  two  rodents; 
sixthly,  bones  of  the  extremities  of  some  great  megar 
theroid  qnadmped.'  The  number  of  the  remains  of 
rodents  gives  to  this  collection  a  peculiar  character, 
■  compared  with  those  found  in  any  other  locality.  All 
these  bones  are  compact  and  heavy  ;  many  of  them  are 
stained  red,  with  their  surfaces  polished ;  some  of  the 
smaller  ones  are  as  black  as  jet. 

Monte  Hermoso  is  between  fifty  and  sixty  miles 
distant  in  a  SE.  line  from  the  Ventana,  with  the  inter- 
mediate country  gently  rising  towards  it,  and  all  con- 
sisting of  the  Pampean  formation.  What  relation, 
then,  do  these  beds,  at  the  level  of  the  sea  and  under 
it,  bear  to  those  on  the  flanks  of  the  Ventana,  at  tlie 
height  of  840  feet,  and  on  the  flanks  of  the  other 
neighbouring  sierras,  which,  from  the  reasons  already 
assigned,  do  not  appear  to  owe  their  greater  height  to 
unequal  elevation  ?  When  the  tosca-rock  was  accumu- 
lating round  the  Ventana,  and  when,  with  the  exception 
of  a  few  small  rugged  primary  islands,  the  whole  wide 

'  See  'Fossil  Mammalia,' (p.  109),  bj  Professor  Owen,  in  ths 
' Zoology  ot  theVojageof  the  Beagle;'  and  Catalogue  (p.  36) of 
'  ITosail  BoraaiDS  in  Museum  of  Boyal  College  of  Surgeons.' 
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BurrODnding  plains  mast  have  been  under  water,  were 
the  strata  at  Monte  Hermoso  depositing  at  the  bottom 
of  a  great  open  sea,  between  800  and  1,000  feet  in 
depth  ?  I  mnch  doubt  this ;  far  if  bo,  the  almoet  per* 
feet  carcasses  of  the  several  small  rodents,  the  remains 
of  which  are  so  very  nnmerons  in  so  limited  a  space, 
must  hare  been  drifled  to  this  spot  from  the  distance 
of  many  hundred  miles.  It  appears  to  me  far  more 
probable,  that  during  the  Pampean  period  this  whole 
area  had  commenced  slowly  rising  (and  in  the  clifia,  at 
several  different  heights,  we  have  proofs  of  the  land 
having  been  exposed  to  sea-action  at  several  levels),  and 
l^t  tracts  of  land  had  thns  been  formed  of  Pampean 
sediment  round  the  Ventana  and  the  other  primary 
ranges,  on  which  the  several  rodents  and  other  qoadm* 
peds  lived,  and  that  a  stream  (in  which  perhaps  the 
extinct  aqnatic  Hydrochcems  lived)  drifted  their  bodies 
into  the  adjoining  sea,  into  which  the  Pampean  mnd 
continued  to  be  poured  from  the  north.  As  the  land 
continoed  to  rise,  it  appears  that  this  eonrce  of  sediment 
was  cat  off;  and  in  its  place  sand  and  pebbles  were- 
bome  down  by  stronger  cmrents,  and  coniformably  de- 
posited over  the  Pampean  strata. 

Punta  Alta  is  situated  aboat  thirty  miles  higher  up- 
on the  northern  side  of  this  same  bay :  it  consists  of 
a  small  plain,  between  twenty  and  thirty  feet  in  height, 
cut  off  on  the  shore  by  a  line  of  low  cliffe  abont  a  mile 
in  length,  represented  in  the  dii^ram  with  its  vertical 
scale  necessarily  exaggerated.  The  lower  bed  (A)  ia- 
more  extensive  than  the  upper  ones ;  it  consists  of 
stratified  gravel  or  conglomerate,  cemented  by  calcareo- 
arenaceons  matter,  and  is  divided  by  curvilinear  layers 
of  pinkiah  marl,  of  which  some  are  precisely  like  tosca- 
rock,  and  some  more  sandy.  The  beds  are  curvilinear, 
owing  to  the  action  <^  corrents,  and  dip  in  different 
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directions;  they  include  an  estraordinary  number  of 
bones  of  ^gantic  mainraifere  and  many  sbells.  The 
pebbles  are  of  considerable  size,  and  are  of  hard  sand- 
stone, and  of  quartz,  like  that  of  the  Ventana :  there 
are  also  a  few  well-rounded  masses  of  tosca-rock. 


The  aeoond  bed  (B)  is  alxmt  fifteen  feet  in  thickness 
hob  towuds  both  extreanitieB  of  tlie  cliff  (not  indnded 
in  the  digram)  it  either  thins  ont  and  diee  away,  w 
passes  insensibly  into  an  cverlying  bed  of  gravel.  It 
consists  of  red,  tongh  clayey  mad,  with  minute  linear 
cavities;  it  Is  marked  with  faint  horizontal  shades  of 
colour ;  it  includes  a  few  pebbles,  and  rarely  a  minute 
particle  of  shell :  in  one  spot,  the  dermal  armour  and  a 
few  bones  of  a  Dasypoid  quadruped  were  embedded  in 
it:  it  fills  up  furrows  in  the  underlying  gravel.  With 
the  exception  of  the  few  pebbles  and  particles  of  shells, 
this  bed  resembles  the  true  Pampean  mud ;  but  it  still 
more  closely  resembles  the  clayey  flata  (mentioned  in 
the  eighth  chapter)  separating  the  successively  rising 
parallel  ranges  of  sand-dunes. 

The  bed  (C)  is  of  stratified  gravel,  like  the  lowest 
one ;  it  fills  np  fiuTOwa  in  the  underlying  red  mud,  and 
is  sometimes  interstratified  with  it,  and  sometimes  in- 
sensibly passes  into  it;  as  the  red  mud  thins  ont,  this 
apper  gravel  thickens.  Shells  are  more  numerous  in 
it  than  In  the  lower  gravel ;  but  the  bones,  though 
some  are  still  present,  are  less  numerous.  In  one  part, 
however,  where  this  gravel  and  the  red  mad  passed  into 
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each  other,  I  found  several  bones  and  a  tolerably  pei^ 
feet  head  of  the  Megatheriam.  Some  of  the  large 
Volutaa,  thongh  embedded  in  the  gravel-bed  (OJ,  were 
filled  with  the  red  mod,  inclnding  great  numbers  of  the 
little  recent  Palvdestriruz  avstralU.  These  three  lower 
beds  are  covered  by  an  unconformable  mantle  (D)  of 
stratified  eandy  earth,  including  many  pebbles  of  quartz, 
pumice  and  phonolite,  land  and  sea-shells. 

M.  d'Orbigny  has  been  so  obliging  as  to  name  for  . 
me  the  twenty  species  of  Mollusca  embedded  in  the  two 
gravel  beda ;  they  consist  of— 


I.  Volutella   angnlata,  d'Orblg. 

■Toyage'  MuUaeq.  end  PaL 
3.  Tolnta  Braailiana,  Sol. 
8.  OlicaucLUeria  Brasilienslg, 

[d'Orbig. 
i.         „  aoriciilftna,  do. 

fi.  Oltvina  pnelcbano,  do. 

S.  BucciiiuiDpscocblidinm,do. 

7.  „         globaloanm,  do. 

8.  Colombella  Bertnlarianini.do. 

9.  Trocbns  PatagomcnH,  and  var. 

of  ditto,  d'Orbig. 

10.  FaludeBtrina  auatcalis, 

[d'Orbig, 

II.  Fisaorella  Fatagoiuca,  do. 


12.  Crepidnla  maricata,  lam. 

13.  Veatu  parpnntto,    do. 
11.        „      lostrata,  PhillippL 
IQ.  HytiluB  DurwiuianuK, 

[d'Orbig. 
IG.  Kncnla  semiomata,      do. 
IT.  Caidita  Patagantco,     do. 
IB.  Coibola        „       (I)  do. 

19.  Pecten  tethnelchna,     do. 

20.  Ostrea  puclcbaoa,         do. 

21.  A  liring  species  of  Balaniu. 

22.  and  23.  Aii  Astrva  and  en- 

cresting  Flnstra,  appareatlj 
ideatii^  with  speciea  DOir 
living  in  the  Bay. 


All  these  shells  now  live  on  this  coast,  and  most  of  them 
in  this  same  bay.  I  was  also  struck  with  the  fact,  that 
the  proportional  numbers  of  the  different  kinds  appeared 
to  be  the  same  with  those  now  cast  up  on  the  beach : 
in  both  cases  specimens  of  Volnta,  Crepidula,  Venus, 
and  Trochas  are  the  most  abundant.  Four  or  five  of 
the  species  are  the  same  with  the  aprsised  shells  on 
the  Pampas  near  Buenos  Ayrea.  All  the  specimens 
have  a  very  ancient  and  bleached  appearance,'  and  do 
not  emit,  when  heated,  an  animal  odonr  j  some  of  them 

'  A  Bulinns,  mentioned  In  tbe  Tntiodaction  to  the  '  Fossil  Mam- 
malia in  the  Zoology  ol  the  Voyage  of  the  Beagle,'  haa  m  much 
fresher  an  appearance,  than  the  marine  ipecles,  that  I  nspect  it 
must  have  fallen  amongst  the  others,  and  been  collected  by  mlstaka 
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Hre  changpd  tbrougliout  into  a  wtite,  Bofl,  fibroaa  sab- 
Btance ;  others  have  the  space  between  the  external 
walls,  either  hollow,  or  filled  up  with  crystalline  car- 
bonate of  lime. 

The  remains  of  the  estinct  mammiferous  animals, 
from  the  two  gravel  beds  have  been  described  by  Pro- 
fessor Owen  in  the '  Zoology  of  the  Voyage  of  the  Beagle :' 
they  consist  of  Ist,  one  nearly  perfect  head  and  three 
fragments  of  heads  of  the  Megalheriwm  Cuinerii ;  2nd, 
a  lower  jaw  of  Megalonyx  Jeffersonii ;  3rd,  lower  jaw 
of  Mylodon  Dariuinii;  4th,  fragments  of  a  head  of 
some  gigantic  Edental  quadruped ;  5th,  an  almost  entire 
skeleton  of  the  great  Scelidclherium  leptocephalum, 
with  moat  of  the  bones,  including  the  head,  vertebr^ 
ribs,  eome  of  the  extremities  to  the  claw-bone,  and  even, 
as  remarked  by  Professor  Owen,  the  knee-cjip,  all  nearly 
in  their  proper  relative  positions;  6th,  fragments  of 
the  jaw  and  a  separate  tooth  of  a  Toxodon,  belonging 
either  to  T.  Plateneit,  or  to  a  second  Bpecies  lately  dis- 
covered near  Baenos  Ayres ;  7th,  a  tooth  of  Eipiut 
eurvidsTta ;  8tli,  tooth  of  a  Pachyderm,  closely  allied  to 
PaIf)>otIierinm,  of  which  parte  of  the  head  have  been 
lately  sent  from  Bnenoa  Ayres  to  the  British  Museum ; 
in  all  probability  this  pachyderm  is  identical  with  the 
Macraitchenia  Patachonica  from  Port  S.  Julian,  here- 
after to  be  referred  to.  Lastly,  and  9thly,  in  a  cliif  of 
the  red  clayey  bed  (B),  there  was  a  double  piece,  about 
three  feet  long  and  two  wide,  of  the  bony  armour  of  a 
large  Dasypoid  quadruped,  with  the  two  sides  pressed 
nearly  dose  together :  as  the  cliff  is  now  rapidly  wash- 
ing away,  this  fossil  probably  was  lately  much  more 
perfect ;  from  between  its  donbled-np  sides,  I  extracted 
the  middle  and  nngneal  phalanges,  united  together,  of 
one  of  the  feet,  and  likewise  a  separate  phalang :  hence 
one  or  more  of  the  limba  most  have  been  attached  to 
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the  dermal  case,  when  it  was  embedded.  Besides  these 
several  remains  in  a  distiognishable  condition,  there 
were  veiy  many  single  bones :  the  greater  number  were 
embedded  in  a  space  200  jards  square.  The  prepon- 
derance of  the  EdentAl  qnadrnpeds  is  remarkable ;  as 
is,  in  contrast  with  the  beds  of  Monte  Eermoso,  the 
absence  of  Rodents.  Moat  of  the  bones  are  now  in  a 
sofb  and  friable  condition,  and,  like  the  shells,  do  not 
emit  when  burnt  an  animal  odour.  The  decayed  state 
of  the  bones  may  be  partly  owing  to  their  late  exposure 
to  the  air  and  tidal  waves.  Barnacles,  Serpulee  and 
corallines  are  attached  to  many  of  the  bones,  but  I 
neglected  to  observe '  whether  these  might  not  have 
grown  on  them  since  being  exposed  to  the  present  tidal 
action ;  bat  I  believe  that  some  of  the  barnacles  must 
have  grown  on  the  Scelidotheriom,  soon  after  being 
deposited,  and  before  being  wholly  covered  np  by  the 
gravel.  Besides  the  remains  in  the  condition  here 
described,  I  found  one  single  fragment  of  bone  very 
mnch  rolled,  and  as  black  as  jet,  bo  as  perfectly  to  re- 
semble some, of  the  remains  from  Monte  Hermoso. 

Very  many  of  the  bones  had  been  broken,  abraded, 
and  rolled,  before  being  embedded.  Others,  even  some 
of  those  included  in  the  TOarsest  parts  of  the  now  hard 
conglomerate,  still  retain  all  their  minutest  promi- 
nences perfectly  preserved ;  so  that  I  conclude  that 
they  probably  were  protected  by  skin,  flesh,  or  ligaments, 
whilst  being  covered  np.  Jn  the  case  of  the  Scelido- 
therium,  it  is  quite  certain  that  the  whole  skeleton 
was  held  together  by  its  ligaments,  when  deposited  in 
the  gravel  in  which  I  found  it.  Some  cervical  vertebne 
and  A  humerus  of  corresponding  size  lay  so  close  to- 

"*  After  haviog  packed  up  my  Bpecimenii  at  Baliia  Bliinea,  this 
point  occaired  to  me,  nnd  I  noted  it ;  bat  forgot  it  on  mj  retom, 
until  the  reoiaios  bud  been  cleaned  and  oiled :  mj  attention  waa 
aftetwatda  recalled  to  the  subject  by  some  remarka  by  M.  d'Oibigsfi 
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getlier,  w  did  some  ribs  and  the  bones  of  a  leg,  tbat  I 
dionght  tliat  tbey  moBt  originally  bare  belonged  to  two 
skeletons,  and  not  have  been  washed  in  single ;  bet  as 
remains  were  here  veiiy  nnmeroaa,  I  will  not  lay  much 
stress  on  these  two  cases.  We  hare  just  seen  that  tlie 
amoor  of  the  Dasypoid  qnadrnped  was  oertainly  va^ 
bedded  togetJier  witii  some  of  tlie  bones  of  the  feet, 

Profeesor  Ehrenberg  >  has  examined  for  me  speci'- 
mens  of  the  finer  matter  from  in  contact  with  these 
tnammiferouB  remains :  he  finds  in  them  two  Polygaa- 
trica,  decidedly  marine  fbrms ;  and  six  Fbytolitiiaria, 
of  which  one  is  probably  marine,  snd  tlie  oUiers  either 
of  fresh-water  or  terrestrial  origin.  Only  one  of  tJiese 
eight  microscopical  bodies  is  common  to  the  nine  from 
Monte  Hermoso :  but  five  of  them  are  in  comnion  with 
those  from  the  Fampean  mad  on  the  banks  of  the 
Parana.  The  presence  of  any  fresh-water  InfuBoria, 
coneidering  the  aridity  of  the  enrroDnding  country,  is 
here  remarkable :  the  most  probable  explanation  appears 
to  be,  that  these  microscopical  organisms  were  washed 
out  of  the  adjoining  great  Pampean  formation  during 
its  denudation,  and  afterwards  redeposited. 

We  will  now  see  what  conclcsions  may  be  drawn 
from  the  facts  above  detailed.  It  is  certain  that  the 
gravel-beds  and  intermediate  red  mud  were  deposited 
within  the  period,  when  existing  species  of  ilollusca 
held  to  each  other  nearly  the  same  relative  proportions 

■  '  Honfttsberlchtec  derkoDlg.Aksd.m  Berlin,* April,  1S46.  Tha 
Bat  consjflU  of, — 

POLTQASTBICA. 

GantoDells  sulcata.  |  StaamptcraaspcraT  tragta. 

Pkttoli  thahi  a. 
LlthasteriscnstDberculstna.  I  Spongolithii  aciculaii* 

Llthoatylidiom  Clepsammidiam. 
„  qnadratum. 
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as  they  do  on  tlie  present  coast.  These  beds,  from  the 
Dumber  of  littoral  species,  mast  have  been  accamnlated 
in  shallow  water ;  but  not,  judging  from  the  stratifica- 
tion of  the  gravel  and  the  layers  of  marl,  on  a  beach. 
From  the  manner  in  which  the  red  clay  fills  vp  forrows 
in  the  underlying  gravel,  and  is  in  some  parts  itself 
furrowed  by  the  overlying  gravel,  whilst  in  other  parts 
it  either  insenBibly  passes  into,  or  alternates  with,  this 
tipper  gravel,  we  may  infer  several  local  changes  in  the 
currente,  perhaps  caused  by  slight  changes,  up  or  down, 
in  the  level  of  the  land.  By  the  elevation  of  these 
beds,  to  which  period  the  allnviol  mantle  with  pumice- 
pebbles,  land  and  searshells  belongs,  the  plain  of  Punta 
Alta,  from  twenty  to  thirty  feet  in  height,  was  formed. 
In  this  neighbourhood  there  are  other  and  higher  se^ 
formed  plains  and  lines  of  clifis  in  the  Pampean  forma- 
tion worn  by  the  denuding  action  of  the  waves  at 
difierent  levels.  Hence  we  can  easily  understand  the 
presence  of  rounded  masses  of  tosca-rock  in  this  lowest 
plain;  and  likewise,  as  the  clifl's  at  Monte  Hermoso 
with  their  mammiferous  remains  stand  at  a  higher  level, 
the  presence  of  the  one  macb-rolled  fragment  of  bone 
which  was  as  black  as  jet:  possibly  some  few  of  the 
other  much-rolled  bones  may  have  been  similarly  de- 
rived, thongh  I  saw  only  the  one  fragment,  in  the  same 
condition  with  those  &om  Monte  Hermoso.  M.  d'Or- 
bigny  has  suggested '  that  all  these  mammiferons 
remains  may  have  been  washed  out  of  the  Pampean 
formation,  and  afterwards  redeposited  together  with 
the  recent  shells.  Undonbtedly  it  is  a  marvellous  fact 
that  these  numerous  gigantic  quadrupeds,  belonging, 
with  the  exception  of  the  Squua  ourvidens,  to  seven 
extinct  genera,  and  one,  namely,  the  Toxodon,  not 
falling  into  any  existing  family,  should  have  co-existed 
'  ■  Tojage,  Fait.  Ofolog.'  p.  49. 
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with  Molluscs,  all  of  which  are  still  HriDg  species ;  bat 
analogous  facta  have  been  observed  in  N.  America  and 
in  Europe.  In  the  first  place,  it  should  not  be  over^ 
looked,  that  most  of  tlie  co-embedded  shellB  hare  a 
more  ancient  and  altered  appearance  than  the  bones. 
In  the  second  place,  is  it  probable  that  numerous  bones 
not  hardened  by  silex  or  any  other  mineral,  could  have 
retained  their  delicate  prominences  and  sarfaces  perfect 
if  they  had  been  washed  out  of  one  deposit,  and  re- 
embedded  in  another ; — this  later  deposit  being  formed 
of  large,  hard  pebbles,  arranged  by  the  action  of  cnrrents 
or  breakers  in  shallow  water  into  variously  curved  and 
inclined  layers  P  The  bones  which  are  now  in  so  perfect 
a  state  of  preservation,  must,  I  conceive,  have  been 
fresh  and  sound  when  embedded,  and  probably  were 
protected  by  skin,  flesh,  or  ligaments.  The  skeleton  of 
the  Scelidotherium  indisputably  waa  deposited  entire; 
shall  we  say  that  when  held  together  by  its  matrix  it 
was  washed  out  of  an  old  gravel-bed  (totally  unlike  in 
character  to  the  Pampean  formation),  and  re-embedded 
in  another  gravel-bed,  composed  (I  speak  after  careful 
comparison)  of  exactly  the  same  kind  of  pebbles,  in 
the  same  kind  of  cement  ?  I  will  lay  no  stress  on  the 
two  cases  of  several  ribs  and  bones  of  the  extremities 
having  apparently  been  embedded  in  their  proper 
relative  position :  but  will  anyone  be  so  bold  as  to  affirm 
that  it  is  possible,  that  a  piece  of  the  thin  tesselated 
armour  of  a  Da.sypoLd  quadruped,  at  least  three  feet 
long  and  two  in  width,  and  now  so  tender  that  I  was 
unable  with  the  utmost  care  to  extract  a  fragment  more 
than  two  or  three  inches  square,  could  have  been  washed 
out  of  one  bed,  and  re-embedded  in  another,  together 
with  some  of  the  small  bones  of  the  feet,  without  having 
been  dashed  into  atoms  ?     We  must  then  wholly  reject 
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M.  d'Orbigny'a  supposition,  and  admit  as  certain,  that 
the  SceUdotherium  and  the  large  Daajpoid  quadruped, 
and  as  highly  probable,  tliat  the  Toxodon,  Megatherium, 
&c.,  some  of  the  bones  of  which  are  perfectly  preserved, 
were  embedded  for  the  first  time,  and  in  a  fresh  condi- 
tion, in  the  strata  in  which  they  were  fonnd  entombed. 
These  gigantic  quadrupeds,  therefore,  though  belonging 
to  extinct  genera  and  families,  co-existed  with  the 
twenty  above-enumerated  Mollnsca,  the  barnacle  and 
two  corals,  still  living  on  this  coast.  From  the  rolled 
fragment  of  black  bone,  and  from  the  plain  of  I'unta 
Alta  being  lower  than  that  of  Monte  Hermoso,  I  con- 
clude that  the  coarse  sub-littoral  deposits  of  Punta  Alta, 
ai-e  of  subsequent  origin  to  the  Fampean  mud  of  Monte 
Hermoso;  and  the  beds  at  this  latter  place,  aa  we  hare 
seen,  are  probably  of  subsequent  origin  to  the  high 
t03ca-plain  round  the  Sierra  Ventana :  we  shall,  how- 
ever, return,  at  the  end  of  this  chapter,  to  the  considera- 
tion of  these  several  stages  in  the  great  Fampean 
formation. 

Buenos  Ayres  to  St.  F&  Eajada  in  Entre  Bioa. — 
Fop  some  distance  northward  of  Buenos  Ayres,  the 
escarpment  of  the  Pampeno  formation  does  not  approach 
very  near  to  the  Plata,  and  it  is  concealed  by  vegeta- 
tion :  but  in  sections  on  the  banks  of  the  Kios  Luxan, 
Areco,  and  Arrecifes,  I  observed  both  pale  and  dark 
reddish  Pampean  mud,  with  small,  whitish  concretions 
of  tosca;  at  all  these  places  mammiferoua  remains  have 
been  found.  In  the  cliffs  on  the  Parana,  at  San  Nicolas, 
the  Pampean  mud  contains  but  little  tosca;  here  M. 
d'Orbigny  found  the  remains  of  two  rodents  (Glenomyn 
hoitariensis  and  Kerodon  antiquvs)  and  the  jaw  of  a 
Canis  :  when  on  the  river  I  could  clearly  distinguish  in 
this  fine  line  of  cli£&,  'horizontal  lines  <£  variatioo 
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l>otlL  in  tint  ftnd  cotDpRCtaeaB.*'  The  plain  northward  of 
this  point  is  very  le?el,  bnt  with  Bome  depressions  and 
lakes ;  I  estimated  its  height  at  from  forty  to  sixty  feet 
above  the  Parana.  At  the  A.  Medio  the  bright  red 
Fampean  mnd  oontuna  acarcely  any  toaca-rock ;  whilst 
at  a  short  distance  the  stream  of  the  Fabon  forms  a 
cascade^  about  twenty  feet  in  height,  orer  a  oavranoos 
moss  of  two  Tarietiee  of  tOBca-rock ;  of  which  one  is 
very  compact  and  semi-ciystalline,  with  seams  of  crys- 
tallised carbonate  of  lime:  rimilar  compact  rarieties 
are  met  with  on  the  Balidillo  and  Seco.  The  absolute 
identity  (I  speak  after  a'compaiison  of  my  specimens) 
1)etween  some  of  theee  varieties,  and  those  irom  Tapal- 
goen,  and  from  the  ridge  eoath  of  Babia  Blanca,  a  dift- 
tance  of  400  miles  of  latitnde,  is  very  striking. 

At  Bosario  there  is  but  Kttle  tosca-rock  :  near  this 
place  I  first  noticed  at  the  edge  of  the  river  traces  of 
an  underlying  formation,  which,  twenty-five  miles 
higher  np  in  the  estancia  of  Gorodona,  consists  of  a 
pale  yellowish  clay,  abounding  with  concretionary 
cylinders  of  a  fermginous  sandstone.  This  bed,  which 
is  probably  the  equivalent  of  the  older  tertiary  marine 
strata,  immediately  to  be  described  in  Entre  Eios,  only 
just  rises  above  the  level  of  the  Parana  when  low.  The 
rest  of  the  cliff  at  Gorodona,  is  formed  of  red  Pampean 
mud,  with,  in  the  lower  part,  many  concretiona  of 
tosca,  some  staloctiformed,  and  with  only  a  few  in  the 
upper  part:  at  the  height  of  six  feet  above  the  river, 
two  gigantic  skeletons  of  the  Mastodon  Andium  were 
here  embedded;  their  bones  were  scattered  a  few  feet 
apart,  but  many  of  them  still  held  tbeir  proper  relative 
positions :  they  were  much  decayed  and  as  soil  as  cheese, 
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&o  tliat  even  one  of  the  great  molar  teeth  fell  into 
pieces  in  my  h&nd.  We  here  see  that  the  Pampeaii 
deposit  contains  mammiferons  remains  close  to  its  base. 
On  the  banks  of  the  Carcarana,  a  few  miles  distant,  the 
lowest  bed  risible  was  pale  Fampean  mud,  with  masses 
of  tosca-Tock,  in  one  of  which  I  found  a  much  decayed 
toijth  of  the  Mastodon :  above  this  bed,  there  was  a 
thin  layer  almost  composed  of  small  concretions  of 
white  tosca,  out  of  which  I  extracted  a  well  preserved, 
but  slightly  broken  tooth  of  Tozoian  Plalensu  :  above 
this  there  was  an  nnusnal  bed  of  very  soft  impure  sand- 
stone. In  this  neighbourhood  I  noticed  many  single 
embedded  bones,  and  I  heard  of  others  having  been 
fonnd  in  so  perfect  a  state  that  they  were  long  used  as 
gate-posts :  the  Jesuit  Falkner  found  here  the  dermal 
armour  of  some  gigantic  Edental  quadruped. 

In  some  of  the  red  mud  scraped  from  a  tooth  of 
one  of  the  mastodons  at  Gorodona,  Professor  Ebrenberg 
finds  seven  Folygastrica  and  thirteen  Phytolitharia,'  all 
of  them,  I  believe,  with  two  exceptions,  already  known 
species.  Of  these  twenty,  the  preponderating  number 
are  of  fresh-water  origin ;  only  two  species  of  Coscino- 
discus  and  a  Spongolithis  show  the  direct  inSuence  of 

<  '  Monataberichtea  der  kdoig.  Akad.  to  Berlin,'  April,  1846.  Th« 
list  COQBiEU  of : — 

POLTOABTRIOA. 

CoacmodiBcus  snbtilis.  I  Himantidinm  gracile. 
oL  ap.                            Fmnntuiii  boiealia, 

Ennotia.  | 


Phttolithabia. 


„  farcatnm. 

„  Tostralnm. 

lithostjlidi  nmAmphiodon 
„  Clop- 

^muDldlunic 


Litliostylidiam  Hamas. 
„  polyedrum. 
„        quadiatnm. 

„        uniden. 
SpoD^uUthli  Fiutk, 
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the  Bea;  therefore  Professor  Elirenberg  arrives  at  the 
important  conclusion  that  the  deposit  must  hare  been 
of  brackish- water  origin.  Of  the  thirteen  Phytolitharia, 
nine  are  met  with  in  the  two  deposits  in  Bahia  Blanca, 
where  there  is  evidence  from  two  other  species  of 
Polygastrica  that  the  beds  were  accnmulated  in  brackish 
water.  The  traces  of  corals,  sponges,  and  Polytbalamia, 
found  by  Dr.  Carpenter  in  the  tosca-rock  (of  which  I 
must  obserre  the  greater  number  of  specimens  were 
from  the  upper  beds  in  the  southern  parts  of  the 
formation),    apparfently   show   a  more   purely   marine 

At   Si.  F6  Bajada,  in  Entre  Rios,  the  cliffs,  esti- 
mated  at  between   sixty  and  seventy  feet  in  height, 

expose  an  rateresfing  section:  the  lower  half  consists 
of  tertiary  strata  with  marine  shells,  and  the  upper  half 
of  the  Pampean  formation.  The  lowest  bed  is  an 
obliquely  laminated,  blackish,  indurated  mud,  with 
distinct  traces  of  vegetable  remains.'  Above  this  there 
is  a  thick  bed  of  yellowish  sandy  clay,  with  much  crys- 
tallised gypsum  and  many  shells  of  Ostreaj,  Pectens, 
and  Arcje:  above  this  there  generally  comes  an  arena- 
ceous crystalline  limestone,  but  there  is  sonietiuies 
interposed  a  bed,  about  twelve  feet  thick,  of  dark  green, 
Boapy  clay,  weathering  into  small  angular  fragments. 
The  limestone,  where  purest,  is  white,  highly  crystalline, 
and  full  of  cavities:  it  includes  small  peliUes  of  quartz, 
broken  shells,  teeth  of  sharks,  and  sometimes,  as  I  was 
informed,  large  bones:  it  often  contiiios  so  much  sand 
as    to   pass    into  a  calcareous  sandstone,  and    in  sucU 

'  M.  d'Orbigny  h.is  given  ('Vovase,  Fart.  Gfiolog,'  p.  37)  a 
(JplaLlLil  (ioscirip' ion  i.£  Ihia  scoiion,  but ;«  ho  d  cs  nut  inonljon  thU 
liiwtW  bcii,  it  may  have  been  coiicc.ilcii  when  ho  was  tht're  bv  the 
river.  There  is  a  considerable  discrepancy  between  his  ilescription 
•nd  mine,  which  I  oan  only  account  for  by  the  beda  tbmasclvoi 
varying  oonsiderably  in  short  dlstaocea. 
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parts  the  great  Oiiroa,  Fatagonica '  cbiefiy  abonods. 
In  the  upper  part,  the  litnestone  alternates  with  layers 
of  fine  white  sand.  The  shells  incloded  in  these  beds 
La^e  been  named  for  me  by  M.  d'Orbigny }  they  consist 
of,— 


1.  Oatrea   Patapmlca,   d'Otbig, 

■  Vojafie,'  Part.  Pul. 

2.  „  AlTorezU,  do. 

8.  Fecten  PnratienEiB,  do.  (and 
PI.  IV.  of  this  work,  Hg.  30). 

4.  „  DarwinlannE,  do.  and  PL 
17.  of  this  work,  Ggs.  2a,  29. 


6.  TeniiB     Honileril,    d'Otblg. 

'  Voyage,'  Pal 
6.  Atck  BonpltutdiaDa,  do. 
7   CoTdiaiD  Plateiuc^  do. 
B.  Tellina,  probably  dot.  ipec, 

but  too  imperfeot   for  da* 

Kilptfon. 


These  species  are  all  extinct :  the  six  first  were 
fbnod  by  M.  d'Orbigny  and  myself  in  the  formations  of 
the  Rio  Negro,  S.  Josef,  and  other  parts  of  Patagonia  ; 
and  therefore,  as  first  observed  by  M.  d'Orbigny,  these 
beds  certainly  belong  to  the  great  Patagonian  forma- 
tion, which  will  be  described  in  the  ensuing  chapter, 
and  which  we  sfaatl  see  mnst  be  considered  as  a  veiy 
ancient  tertiary  one.  North  of  the  Bajada,  M.  d'Orbigny 
found,  in  beds  which  he  considers  as  lying  beneath  the 
strata  here  described,  remains  of  a  Tozodon,  which  he 
has  named  as  a  distinct  species  from  the  T.  Plaiemis 
of  the  Pampean  formation,  Mnch  siliciGed  wood  is 
found  on  the  banks  of  the  Parana  (and  likewise  on  the 
ITrugnay),  and  I  was  informed  that  they  come  out  of 
these  lower  beds;  four  specimens  collected  by  myself 
are  dicotyledonous. 

The  upper  half  of  the  cliffy  to  a  thickness  of  about 
thirty  feet,  consists  of  Pampean  mud,  of  which  the 
lower  part  is  pale  coloured,  and  the  upper  part  of  a 
brighter  red,  with  some  irregular  layers  of  an  arenaceous 
variety  of  tosca,  and  a  few  small  concretions  of  the 
ordinary   kind.      Close   above   the   marine  limestono, 

'  Capt.  auUvan  B.N.,  has  pven  me  a  Bpeclmen  of  this  shell, 
which  ho  found  in  the  cliff*  at  Point  Cerrito,  between  twenty  and 
tliiity  miles  aboTe  the  Bajada. 
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tlien  ii  a  thin  Mtiatiim  with  a  ooncretumaiy  ontline  d 
white  hard  tosca-TOok  or  marl,  which  may  be  oonsidBred 
either  as  the  uppermost  bed  of  the  in^oior  depositi, 
or  the  lowest  of  the  Fftmpean  formation;  at  one  time 
I  conradered  this  bed  as  mnrVing  a  passage  between 
the  two  formations ;  bat  I  haTO  sinoe  become  convinced 
that  I  was  deceired  on  this  point.  In  tiie  aecfcion  on 
the  Parana,  I  did  not  find  any  mammiforons  renuuns ; 
bnt  at  two  miles  distance  on  die  A,  Tapaa  (a  tributary 
of  the  CoDchitaa),  they  were  extremely  nnmeroos  in  a 
low  cliff  of  red  Pampean  mud  with  small  ooncretionB, 
precisely  like  the  npper  bed  on  the  Parana.  Most  of 
the  bones  were  solitary  and  mcch  decayed ;  but  I  saw 
the  dermal  armoar  of  a  gigantic  Edental  qoadmped, 
forming  a  caoldron-Iike  hollow,  four  or  fire  feet  in 
diameter,  out  of  which,  as  I  trae  informed,  the  almost 
entire  skeleton  had  been  lately  removed.  I  found  single 
teeth  of  the  Mastodon  Andium,  Toxodon  Plaiensis, 
and  Equite  curvident,  near  to  each  other.  As  this 
latter  tooth  approaches  closely  to  that  of  the  common 
horse,  I  paid  particular  attention  to  its  true  embedment, 
for  I  did  not  at  that  time  know  that  there  was  a  similar 
tooth  hidden  in  the  matrix  with  the  other  mammiferous 
rerauns  from  Pnnta  Alta.  It  is  an  interesting  circum- 
stance, that  Prof.  Owen  finds  that  the  teeth  of  this 
horse  approach  more  closely  in  their  peculiar  curvature 
to  a  fossil  specimen  brought  by  Mr.  Lyell '  from  North 
America,  than  to  those  of  any  other  species  of  EquuB. 

The  underlying  marine  tertiary  strata  extend  over  a 
wide  area :  I  was  assured  that  they  can  be  traced  in 
ravines  in  an  east  and  west  Hoe  across  Entre  Kios  to 
the  tJrugnay,  a  distance  of  about  135  miles.  In  a  SE. 
direction  I  heard  of  their  existence  at  the  head  of  the 
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R.  Nanka^;  and  at  F.  Gorda  in  Banda  Oriental,  a 
distance  of  170  miles,  I  found  the  same  limestone, 
containing  the  same  fossil  sheila,  lying  at  abont  the 
same  level  above  the  river  as  at  St.  F€.  In  a  sontherl; 
direction,  these  beds  sink  in  height,  for  at  another  P. 
Gorda  in  Entre  Bios,  the  limestone  is  seen  at  a  mach 
less  height;  and  there  can  be  little  doubt  that  the 
yellowish  sandy  clay,  on  a  level  with  the  river,  between 
the  Carcarana  and  S.  Nicolas,  belongs  to  this  same 
formation ;  as  perhaps  do  the  beds  of  sand  at  Bnenos 
Ayres,  which  lie  at  the  bottom  of  the  Pampean,  forma- 
tion, abont  sixty  feet  beneath  the  surface  of  the  Plata. 
The  southerly  declination  of  these  beds  may  perhaps  be 
due,  not  to  unequal  elevation,  but  to  the  original  form 
of  the  bottom  of  the  sea,  sloping  from  land  situated  to 
the  north ;  for  that  land  existed  at  no  great  distance, 
we  have  evidence  in  the  vegetable  remains  in  the  lowest 
bed  at  St.  Fd ;  and  in  the  silicified  wood  and  in  the 
bones  of  Toxodon  Paranefuts,  found  (according  to 
M.  d'Orbigny)  in  still  lower  strata. 

Banda  Oriental. — This  province  liee  on  the  north- 
em  side  of  the  Plata,  and  eastward  of  the  Uruguay ;  it 
has  agently  undulatory  8nrface,with  a  basis  of  primary 
rocks;  and  is  in  most  parts  covered  ap  with  an  un- 
strati£ed  mass,  of  no  great  thickness,  of  reddish 
Pampean  mud.  In  the  eastern  half,  near  Maldonado, 
this  deposit  is  more  arenaceous  than  in  the  Pampas ;  it 
contains  many  though  small  concretions  of  marl  or 
tosco-rock,  and  others  of  highly  ferruginous  sandstone ; 
in  one  section,  only  a  few  yards  in  depth,  it  rested  on 
stratified  sand.  Near  Monte  Video  thb  deposit  in  some 
spots  appears  to  be  of  greater  thickness  ;  and  the  re- 
mains of  the  GlyptodoQ  and  other  extinct  mammifers 
have  been  foand  in  it.  In  the  long  line  of  cliffs,  between 
Bfty  and  sixty  feet  in  height,  called  the  Barrancas  de 
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B.  Gregorio,  which  extend  weetward  of  the  Bio  S.  Lataa, 
the  lower  half  ia  formed  of  coarse  sand  of  qnartE  and 
ieldspar  withont  mica,  like  that  now  cost  up  on  the 
beach  near  Maldonado ;  and  the  apper  half  of  Funpeaii 
mud,  TBiying  in  cdoor  and  cootaimng  honey-^xmibed 
Teina  of  soft  oalcareoaB  matter  and  small  concretions  of 
toeca-rock  arranged  in  lines,  and  likewise  a  few  pebbles 
of  quartz.  This  deposit  fills  np  hollows  aixi  farrowB  in 
the  nnderlying  sand;  appearing  as  if  water  charged 
wiUi  mod  had  invaded  a  sandy  beaoh.  These  diBt 
extend  &r  westward,  and  at  a  distunce  of  axty  miles, 
near  Ccdonia  del  Sacnuniento,  I  (bnnd  the  Fampean 
dqxwit  resting  in  some  places  on  this  sand,  and  in 
odierB  on  the  primary  rooks :  between  the  sand  and  the 
reddieh  mnd,  diere  appeared  to  be  interposed,  bat  the 
section  was  not  a  very  good  one,  a  thin  bed  of  shellB  of 
an  existing  Mytilus,  still  partially  retaining  their  colour. 
The  Pampean  formation  in  Banda  Oriental  might  readily 
be  mistaken  for  an  allavial  deposit :  compared  with 
that  of  the  Pampas,  it  is  often  more  eandy,  and  con- 
tains small  fragments  of  quartz;  the  concretions  are 
much  smaller,  and  there  are  no  extensive  masses  of 
tosca-rock. 

In  the  extreme  western  parts  of  this  province,  be- 
tween the  Urngnay  and  a  line  drawn  from  Colonia  to 
the  R.  Perdido  (a  tribut«ry  of  the  R.  Negro),  the 
formations  are  far  more  complicated.  Besides  primary 
rocks,  we  meet  with  extensive  tracts  and  many  flat- 
topped,  horizontally  stratified,  cliff-bounded,  isolated 
hills  of  tertiary  strata,  varying  extraordinarily  in 
inineralogical  nature,  some  identical  with  the  old 
marine  beds  of  8t.  F6  Bajada,  and  some  with  those  of 
the  mnch  more  recent  Pampean  formation.  ITiere  are, 
also,  extensive  low  tracts  of  country  covered  with  a 
deposit  containing  mammiferons  remains,  precisely  like 
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that  just  described  in  the  more  eastern  parts  of  the 
province.  Although  from  the  smooth  and  nnbroken 
state  of  the  coantry,  I  never  obtaiaed  a  section  of  this 
latter  deposit  close  to  the  foot  of  the  higher  tertiary- 
hills,  yet  I  have  not  the  least  doubt  that  it  is  of  qnita 
subsequent  origin ;  having  been  deposited  after  the  sea 
had  worn  the  ttirtiary  strata  into  the  cliff-boanded  hills. 
This  later  formation,  which  is  certainly  the  equivalent 
of  that  of  the  Pampas,  is  well  seen  in  the  valleys  in  the 
estancia  of  Berquelo,  near  Mercedes ;  it  here  consists  of 
reddish  earth,  full  of  rounded  grains  of  quartz,  and 
with  some  smalt  concretions  of  tosca-rock  arranged  in 
horizontal  lines,  bo  as  perfectly  to  resemble,  except  in 
containing  a  little  calcareous  matter,  the  formation  in 
the  eastern  parts  of  Banda  Oriental,  in  Entre  Rios,  and 
at  other  places :  in  this  estancia  the  skeleton  of  a  great 
Edental  quadruped  was  found.  In  the  valley  of  the 
Sarandis,  at  the  distance  of  only  a  few  miles,  this  d&' 
posit  has  a  somewhat  different  character,  being  whiter^ 
softer,  finer-drained,  and  full  of  little  cavities,  and  con- 
sequently of  little  specific  gravity  \  nor  does  it  contain 
any  concretions  or  calcareons  matter :  I  here  procured 
a  head,  which  when  first  discovered  must  have  beea 
quite  perfect,  of  the  Toxodon  Flaietms,  another  of  a. 
Mylodon,'  perhaps  3f.  Darwinii,  and  a  large  piece  of 
dermal  armour,  differing  from  that  of  the  OlyptodoH- 
davtpes.  These  bones  are  remarkable  from  their  ex- 
traordinarily fresh  appearance ;  when  h^d  over  a  lamp 
of  spirits  of  wine,  they  give  out  a  strong  odour  and 
bum  with  a  small  flame ;  Mr.  T.  Reeks  has  been  so  kind 
as  to  analyse  some  of  the  fragments,  uid  he  finds  that 


■  This  he^  waa  at  first  oonaiderad  bj  Profssior  Owen  (la  the 
■  Zoology  of  the  Beagle's  VoTSge')  bb  belimgiiig  to  k  distlnot  gmaa, 
luUDel;,  Oloasotherinm. 
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they  eoHOaa.  aboot  seren  per  txsX.  <£  animil  matter, 
■md  9igfat  per  cent.  (/  nter.' 

The  cJ3er  tertiazy  itnta,  fonxdng  the  Mgber  iaolated 
hilla  «od  extensiTe  tracts  of  eoantry,  rarr.  as  I  hsTe 

•aid,  eztTKvdiiiazTlj  in  coaiposinoQ :  witlun  the  di»' 
taocsof  afewmOea,  I  sometimea  passed  cverciT^tallme 
linustone  witfa  ag&te,  cakanona  ta£&,  and  marlr  rocks, 
all  poanng  into  each  other, — red  and  pal«  mod  widi 
ooDcnCioiu  of  tosca-rock,  quite  like  the  Pampeaa  foi>> 
matioD, — calcareooa  cong^omerBtes  and  sandstones,^ 
brigiit  red  sandstones  passing  either  into  red  ood- 
^otnerate,  or  into  white  Bandstoae, — h&rd  siliceous 
■andstones-jasperjaDdchalcedonic  rocks,  and  onmenHis 
other  snbordinate  rarieties.  I  was  suable  to  make  oot 
the  rfrlations  of  all  these  strata,  and  will  describe  only 
a  f(;w  dist.icct  sf^tions : — in  the  clifTs  between  P.  GonJa 
on  the  UrotfUfiy  and  the  A.  de  Viroras,  the  upper  bed 
is  crystalline  cellular  limestone  ollen  pa.?5iae  into  cal- 
car'ifjQS  Band-itone,  with  impreasions  of  some  of  the  same 
dhiills  aa  at  .St.  Fe  Eajada ;  at  P.  Gorda,*  this  limestone 
is  int'-rst ratified  with,  and  rests  on,  white  sand,  which 
covers  a  bed  aboat  thirty  feet  thick  of  pale-coloored 
clay,  with  many  sheila  of  the  great  Odfea  Patanonica : 
Vineath  thia,  in  the  vertical  clilf,  nearly  on  a  level  with 
the  river,  there  is  a  bed  of  red  mud  absolutely  like  the 
Pampean  dep'jsit,  with  onmerous  often  large  concre- 
tions of  pirrfectly  characterised  white,  compact  tosca- 
rock.  At  the  month  of  the  Vivoras,  the  river  flows 
over  a  pale  cavernous  tosca-rock,  qtjite  like  that  in  the 

•  I.Ii'Uk  (■  ^-'''eniiHtrj  of  A^ culture.' p.  101)  slates  that  fresh 
ilrj  ln.nKf  PiiDlain  from  thirty-'lwo  to  Ihirty-three  per  cent,  of  dry 
^iTlaiine.  See  also  Dr.  Daubenj  in  '  Edin.  New  Thil.  Joum.' toL 
imii.p  2fla. 

'  In  my  '  Jonrnarfp.  ITI,  1st  edit,),  I  hare  hastily  and  Inacco- 
iiit«]y  ital  ed  that  the  Pampean  mnd,  which  is  found  over  I  he  castcro 

Krt  of  B.  Oriental,  lies  ocer  the  limestone  at  P.  Gorda ;  1  should 
ve  mid  I  hat  there  waa  reason  to  infer  that  it  was  a  Bubseqnent  ta 
■iiperlor  dnpoaSt. 
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Pampas,  and  tliia  appeared  to  underlie  the  ciystalliDe 
limestone;  but  the  eection  was  not  nnequirocal  like 
that  at  P.  Gorda,  These  beds  now  form  only  a  narrow 
and  mnch  denuded  strip  of  land ;  but  they  mnBt  once 
hare  extended  much  farther;  for  on  the  next  stream, 
south  of  the  S.  Juan,  Captain  Sulivan,  II.N.,  foond  a 
little  clilT,  only  jnst  above  the  surface  of  the  rirer,  with 
namerous  shells  of  the  Venus  Mumterit,  d'Orbig., — 
one  of  the  species  occurring  at  St.  F6,  and  of  which 
there  are  casts  at  P.  Gorda :  the  line  of  cliSs  of  the 
fiubseqnently  deposited  true  Pampean  mud,  extend 
&om  Colonia  to  within  half  a  mile  of  this  spot,  and  no 
doabt  once  covered  up  this  denuded  marine  strata  m. 
Again  at  Colonia,  a  Frenchman  found,  in  digging  the 
fonndations  of  a  house,  a  great  mass  of  the  Odrea  Pata- 
gonka  (of  which  I  saw  many  fragments),  packed  to- 
gether just  beneath  the  surface,  and  directly  superim- 
posed on  the  gneiss.  These  sections  are  important: 
M,  d'Orbigny  is  unwilling  to  believe  that  beds  of  the 
same  nature  with  the  Pampean  formation  ever  nnderlie 
the  ancient  marine  tertiary  strata ;  and  I  was  as  much 
surprised  at  it  as  he  could  have  been  ;  but  the  vertical 
cliff  at  P.  Gorda  allowed  of  no  mistake,  and  I  must  be 
permitted  to  afBrm,  that  after  having  examined  the 
country  from  the  Colorado  to  St.  F6  Bajada,  I  conld  not 
be  deceived  in  the  mineralogical  character  of  the  Pam- 
pean deposit. 

Moreover,  in  a  precipitous  part  of  the  ravine  of 
Las  Bocas,  a  red  sandstone  is  distinctly  seen  to  overlie 
a  thick  bed  of  pale  mud,  also  qnite  like  the  Pampean 
formation,  abounding  with  concretions  of  tme  tosca- 
rock.  This  sandstone  extends  over  many  miles  of 
country :  it  is  as  red  as  the  brightest  volcanic  scorice ; 
it  sometimes  passes  into  a  coarse  red  conglomerate 
composed  of  the  underlying  primary  rocka ;  and  often 
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pnssea  icto  a  Bo(t  white  Gandatoiie  with  red  streaks.. 
At  the  Calera  de  los  Hnerfanos,  only  a  quarter  of  ■ 
mile  sonth  of  where  I  first  met  with  the  red  Band- 
Btone,  the  cryetallioe  white  limestone  ia  quarried;  14, 
this  bed  is  the  uppermost,  nud  as  it  often  paases  into' 
calcareona  Bandstone,  inters) ratified  with  pure  sand; 
and  as  the  red  sandstone  likewise  passes  into  soft  white 
Kandatone,  and  is  also  the  uppermost  bed,  I  believB 
that  these  two  beds,  though  so  different,  are  equiva- 
lents, A  few  leagues  soutbwai'd  of  these  two  places, 
on  each  side  of  the  low  primary  range  of  8.  Juan, 
there  are  some  flat-topped,  cl  id- bounded,  separate 
little  hills,  very  similar  to  those  fringing  the  primary 
ranges  in  the  great  plain  sontli  of  Buenos  Ayres :  they 
are  composed — 1st,  of  calcareous  tuff  with  many  par- 
ticles of  qnartq,  sometimes  passing  into  a  coarse  con- 
glomerate; 2Qd,  of  a  stone  undistingnishable  on  the 
closest  inspection  from  the  compactor  varieties  of 
tosca-rockj  and  3rd,  of  semi-crystalline  limestone, 
including  nodules  of  agate :  these  three  varieties  pass 
insensibly  into  each  other,  and  as  they  form  the  upper- 
most stratum  in  this  district,  I  believe  that  they,  also, 
are  the  equivalents  of  the  pure  crystalline  limestone, 
and  of  the  red  and  white  sandstones  and  conglomerates. 
Between  these  points  and  Mercedes  on  the  Hio 
Negro,  there  are  scarcely  any  good  sections,  the  road 
passing  over  limestone,  tosca-rock,  calcareous  and 
bright  red  sandstones,  and  near  the  sonrce  of  the  S.  Sal- 
vador over  a  wide  extent  of  jaspery  rocks,  with  much 
milky  agate,  like  that  in  t^e  limestone  near  S.  Joan. 
In  the  estancia  of  Berquelo,  the  separate,  flat-topped, 
cliff-boonded  hills  are  rather  higher  than  in  other  parts 
of  lie  country  ;  they  range  in  a  NE.  and  SW.  direc- 
tion ;  their  uppermost  beds  consist  of  the  same  bright 
led  sandstone,  paseiog  sometimes  into  a  conglomeratOi 
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and  ia  the  lower  part  into  soft  white  aaiidatODe,  and 
even  into  looEte  sand:  beneath  this  sandstone,  I  saw 
in  two  places  layers  of  calcareons  and  marly  rocks,  and 
in  one  place  red  Fampean-like  earth ;  at  the  base  of 
these  sections,  there  was  a  hard,  stratified,  white  sand- 
stone,  with  chalcedonic  layers.  Near  Mercedes,  beds 
of  the  same  nature  and  apparently  of  the  same  age,  are 
associated  with  compact,  white,  ciystalline  limestone, 
iDclading  mnch  botryoidal  agate,  and  singolar  masses, 
like  porcelain,  but  really  composed  of  a  calcareo-sili- 
ceons  paste.  In  sinking  welU  in  this  district  the 
chalcedonic  strata  seem  to  be  the  lowest.  Beds,  snch 
as  here  described,  occur  over  the  whole  of  this  neigh- 
boarhood  ;  but  twenty  miles  further  up  the  R,  Negro, 
in  the  cliffs  of  Perika,  which  are  about  fifty  feet  in 
height,  the  upper  bed  is  a  prettily  variegated  chalce- 
dony, mingled  with  a  pure  white  tallowy  limestone; 
beneath  this  there  is  a  conglomerate  of  quartz  and 
granite ;  beneath  this  many  sandstones,  some  highly 
calcareous ;  and  the  whole  lower  two-thirds  of  the  cliff 
consist  of  earthy  calcareons  beds  of  various  degrees  of 
purity,  with  one  layer  of  reddish  Pampean-like  mnd. 

When  examining  the  agates,  the  chalcedonic  and 
jaspery  rocks,  some  of  the  limestones,  and  even  the 
bright  red  sandstoues,  I  was  forcibly  struck  with 
their  resemblance  to  deposits  formed  in  the  neigh- 
bourhood of  volcanic  action.  I  now  find  that  M, 
Isabelle,  in  his  '  Voyage  %,  Buenos  Ayres,'  has  described 
closely  similar  beds  on  Itaquy  and  Ibicuy  (which  enter 
the  Uruguay  some  way  north  of  the  R.  Negro)  and  these 
beds  include  fraj^raents  of  red  decomposed  true  scoriM 
hardened  by  zeolite,  and  of  black  retinite :  we  have 
then  here  good  evidence  of  volcanic  action  during  our 
tertiary  period.  Still  farther  north,  near  S.  Anna,' 
'  H.  d'Orbigny, '  Vgjage,  Part.  QSolog.,'  p.  Si 
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where  the  Parana  makes  a  remarkable  bend,  M. 
Bonplaod  foand  some  singular  amygdaloidal  rocks, 
vkicb  perhaps  may  belong  to  this  same  epoch,  I  may 
remark  that,  judging  from  the  size  and  well-rounded 
condition  of  the  blocks  of  rock  in  the  aboye-deacribed 
conglomeratea,  masses  of  primary  formation  probably 
existed  at  this  tertiary  period  above  water :  there  is, 
also,  according  to  M.  Isabelle,  much  conglomerate 
farther  north,  at  Salto. 

From  whatever  Bource  and  through  whatever  means 
the  great  Pampean  formation  originated,  we  here  have, 
I  must  repeat,  unequivocal  evidence  of  a  similar 
action  at  a  period  before  that  of  the  deposition  of  the 
marine  tertiary  strata  with  extinct  sheila,  at  St.  FS  and 
P.  Gorda.  Daring  also  the  deposition  of  these  strata, 
we  have  in  the  intercalated  lnyers  of  red  Pamjicaij-like 
mud  and  tosca-rock,  and  in  the  passage  near  S.  Juan  of 
the  semi-crystalliiie  limestones  with  agalo  into  tosca 
undiatinguishable  from  that  of  the  Pampas,  evidence 
of  the  same  action,  though  continued  only  at  intervals 
and  in  a  feeble  manner.  We  have  further  seen  that  in 
this  district,  at  a  period  not  only  subsequent  to  tho  de- 
position of  the  tertiary  strata,  but  to  their  uphoavemcnt 
and  most  extensive  denudation,  true  Pampean  mud 
with  its  usual  characters  and  including  mammiferous 
remains,  were  deposited  round  and  betweeu  the  hills 
or  islets  formed  of  these  tertiary  strata,  and  over  the 
whole  eastern  and  low  primary  districts  of  Banda 
Oriental. 

Earihy  mafs,  with  extinct  vinmmifcrous  remains, 
over  the  porj'JnjrUic  gravel  at  S.  Julian.,  lot.  49°  14' 
8.  in  Pahi'pnia. — This  case,  though  not  coming 
strictly  under  the  Pampean  fomiation,  may  be  con- 
veniently given  here.  On  the  south  side  of  tho 
hai'bour,   there  ia  a  nearly  level   plain  (mentioned  in 
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the  eighth  chapter)  about  Beven  miles  long,  and  three  or 
four  miles  wide,  estimated  at  ninety  feet  in  height,  and 
bordered  by  perpendicular  cliffs,  of  which  a  section  is 
here  represented. 


&  QnTd  of  porphyrltk  tocIh. 
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The  lower  old  tertiary  strata  (to  be  described  in  the 
next  chapter)  are  covered  by  the  usual  gravel  bedj 
and  this  by  an  irregular  earthy,  sometimes  sandy  mass, 
seldom  more  than  two  or  three  feet  in  thickness,  except 
where  it  61Is  up  furrows  or  gullies  worn  not  only 
through  the  underlying  gravel,  but  even  through  the 
upper  tertiary  beds.  This  earthy  mass  is  of  a  pale 
reddish  colour,  like  the  less  pure  varieties  of  Pampean 
mud  in  Banda  Oriental ;  it  includes  small  calcareous 
concretions,  like  those  of  tosca-rock  but  more  arena- 
ceous, and  other  concretions  of  a  greenish,  indurated 
argillaceous  substance :  a  few  pebbles,  also,  from  the 
underlj-ing  gravel-bed  are  also  included  in  it,  and  these 
being  occasionally  arranged  in  horizontal  lines,  show 
that  the  mass  is  of  sub-aqueous  origin.  On  the  sur- 
face and  embedded  in  the  superficial  parts,  there  are 
numerODS  shells,  partially  retaining  their  colours,  of 
three  or  four  of  the  now  commonest  littoral  species. 
Near  the  bottom  of  one  deep  furrow  (reprefiented  in 
the  diagram),  filled  up  with  this  earthy  deposit,  I 
found  a  large  part  of  the  skeleton  of  the  Maeravek^aa 
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Patachonica  —  a  gigantic  and  most;  extraordinary 
pachyderm,  allied,  according  to  Professor  Owen,  to 
the  Palaaotherium,  but  with  afEnities  to  the  Bamiiiants, 
eapeciallj  to  the  American  division  of  the  Camelidte. 
Several  of  the  vartebne  in  a  chain,  and  nearly  all  the 
bones  of  one  of  the  limbs,  even  to  the  smallest  bones  of 
the  foot,  were  embedded  in  their  proper  relative  posi- 
tiona :  hence  the  skeleton  was  certainly  united  by  ita 
flesh  or  ligaments,  when  enveloped  in  the  mad.  This 
earthy  mass,  with  its  concretions  and  mammiferoua 
remains,  filling  up  furrows  in  the  nnderlying  gravel, 
certainly  presents  a  very  striking  resemblance  to  some 
of  the  sections  (for  instance,  at  P.  Alta  in  B.  Blanca, 
or  at  the  Barrancas  de  S.  Gregorio)  in  the  Pampean 
formation ;  but  I  mast  believe  that  this  resemblance  ia 
only  accidental.  I  suspect  that  the  mud  which  at  tho 
present  day  is  accumulating  in  deep  and  narrow  gullies 
at  the  head  of  the  harbour,  would,  after  elevation,  pre- 
sent a  very  similar  appearance.  The  sou  them  moat 
part  of  the  true  Pampean  formation,  namely,  on  the 
Colorado,  lies  560  miles  of  latitude  north  of  this 
point.' 

With  respect  to  the  age  of  the  Macrauchenia,  the 
shells  on  the  surface  prove  that  the  mass  in  which  the 
skeleton  was  enveloped  has  been  elevated  above  the 
sea  within  tlie  recent  period  :  1  did  not  see  any  of  tho 
shells  embedded  at  a  sufficient  depth  to  assure  me 
(though  it  be  highly  probable)  that  tho  wliolo  thick- 
ness of  the  mass  was  contemporaneous  with  thcHe  indi- 
vidual specimens.  That  the  ilacrauchenia  lived  sub- 
sequently to  the  spreading  out  of  the  grave!  on  this 

'  In  the  Buccceiling  chapter  I  shnll  have  to  refer  to  a  great 
rfcpnsit  of  erfinct  niaiumiferoua  reiniiiiifl,  lately  (liM-nvoreii  bv  ('apt. 
Siilivan,  R.N.,  at  a  point  SLill  farther  eoulh,  iianit.'];  at  'tha  O, 
Uulluifos  1  llieii  ^e  must  at  present  icmain  doubtful. 
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plain  is  certain ;  and  that  this  gravel,  at  the  height  of 
ninety  feet,  was  spread  oat  long  after  the  existence  of 
recent  shells,  is  scarcely  less  certain.  For,  it  was 
shown  in  the  eighth  chapter,  that  this  line  of  coast  has 
been  upheaved  with  remarkable  equability,  and  that 
over  a  vast  space  both  noith  and  south  of  S.  Julian, 
recent  species  of  shells  are  strewed  on  (or  embedded-in) 
the  surface  of  the  250  feet  plain,  and  of  the  350  feet 
plain  up  to  a  height  of  400  feet.  These  wide  step- 
formed  plains  have  been  fonned  by  the  denuding  action 
of  the  coast-waves  on  the  old  tertiary  strata;  and 
therefore,  when  the  surface  of  the  350  feet  plain,  with 
the  shells  on  it,  first  rose  above  the  level  of  the  sea, 
the  250  feet  plain  did  not  exist,  and  its  formation,  as 
well  as  the  spreading  out  of  the  gravel  on  its  summit, 
must  have  taken  place  subsequently.  So  also  tha 
denudation  and  the  gravel -covering  of  the  ninety  feet 
plain  must  have  taken  place  subsequently  to  the  eleva- 
tion of  the  250  feet  plain,  on  which  recent  shells  are 
also  strewed.  Hence  there  cannot  be  any  doubt  that 
the  Macraucheaia,  which  certainly  was  entombed  in  a 
fresh  state,  and  which  must  have  been  alive  ailter  the 
spreading  out  of  the  gravel  on  the  ninety  feet  plain, 
existed,  not  only  subsequently  to  the  upraised  shells  on 
the  surface  of  the  250  feet  plain,  but  also  to  those  00 
the  350  to  400  feet  plain  :  these  shells,  eight  in  number 
(namely,  three  species  of  Mytilus,  two  of  Patella,  one 
Fnsus,  Yoluta,  and  Balanus),  are  undoubtedly  recent 
species,  and  are  the  commonest  kinds  now  living  on 
tiiis  coast.  At  Punta  Alta  in  B.  Blanca,  I  remarked 
how  marvellous  it  was,  that  the  Toxodon,  a  mammifer 
so  unlike  to  all  known  genera,  should  have  co-existed 
with  twenty-three  still  living  marine  animals ;  and  now 
we  find  that  the  Macrauchenia,  a  quadruped  only  a 
little  less  anomalous  than  the  Toxodon,  also  co-existed 
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with  t>ig1ifc  other  still  exislitig  MoUasca:  it  ehoiild, 
moi-eoser,  be  borne  in  mind,  that  a  tooth  of  a  pachy- 
dermatous animal  was  found  with  the  other  remaios  at 
Punta  Atta,  which  Professor  Owen  thinks  almost  cer- 
tainly belonged  to  the  Macraiichenia. 

Mr.  Lyell '  has  arrived  at  a  highly  important  con- 
clusion with  respect  to  the  age  of  the  North  American 
extinct  mammifers  (many  of  which  are  closely  allied  to, 
and  even  identical  with,  those  of  the  Pampean  forma- 
tion), namely,  that  they  lived  subsequently  to  the  period 
when  erratic  boulders  were  transported  by  the  agency 
of  floating  ice  in  temperate  latitudes.  Now  in  the 
valley  of  the  San  Cruz,  only  fifty  miles  of  latitude  south 
of  the  spot  where  the  ilacraachenia  was  entombed,  vast 
numbers  of  gjjjantic,  anjjular  boulders,  which  must 
have  been  transported  from  the  Cordillera  on  icebergs, 
lis  strewed  on  the  plain,  at  the  height  of  1,400  feet 
above  the  level  of  the  sea.  In  ascending  to  this  level, 
several  step-formed  plains  must  be  crossed,  all  of  which 
have  necessarily  required  long  time  for  their  formation ; 
hence  the  lowest  or  ninety  feet  plain,  with  its  super- 
ficial bed  containing  the  remains  of  the  Macrauchenia, 
mnat  have  been  formed  very  long  subsequently  to  the 
period  when  the  1,400  feet  plain  was  beneath  the  sea, 
and  boulders  were  dropped  on  it  from  floating  masses 
of  ice,*  Mr.  Lyell's  conclusion,  therefore,  is  thus  far 
confirmed  in  the  southern  hemisphere ;  and  it  is  the 
more  important,  as  one  is  naturally  tempted  to  admit 
BO  simple  an  eiplanation,  that  it  was  the  ice-period 
that  caused   the  extinction   of   the   numerous    great 

'  'Qeological  Proceedings,'  vol,  iv,  p,  86. 

'  It  must  not  be  infL'iTtd  from  these  remarks,  that  the  tce-aotioa 
ceased  in  South  America  at  this  companktivcly  ancient  period;  for 
In  Tierra  del  Fnego  bonlders  were  probably  transported  eontempo- 
raneonsly  with,  it  not  sobsequentlr  to,  the  forroation  of  the  ninetj 
feet  plain  at  8.  Julian,  and  at  other  parts  of  the  coast  of  Patagooiib 
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mammifere  wkich  eo  lately  swarmed   over  the  two 
Americas. 

Summary  and  amcludvng  remarJct  on  the  Pam- 
pean  Formation. — One  of  its  most  striking  features  is 
its  great  extent ;  I  passed  continaouHly  over  it  from  the 
Colorado  to  St.  F6  Bajada,  a  distance  of  500  geographical 
miles ;  and  M.  d'Orbigny  traced  it  for  250  mites  farther 
north.  In  the  latitude  of  the  Plata,  I  examined  this 
formation  at  interyals  over  an  east  and  west  line  of 
300  miles  from  Maldonado  to  the  River  Carcarana ;  and 
M.  d'Orbigny  believes  it  extends  100  miles  farther 
inland ;  from  Mr.  Caldcleugh's  travels,  however,  I  should 
have  thought  that  it  had  extended,  south  of  the  Cordo- 
veae  range,  to  near  Mendoita,  and  I  may  add  that  I 
heard  of  great  bones  having  been  found  high  np  the 
River  Quinto.  Hence  the  area  of  the  Pampean  forma- 
tion, as  remarked  by  M.  d'Orbigny,  ia  probably  at  least 
equal  to  that  of  France,  and  perhaps  twice  or  thrice 
as  great.  In  a  basin,  surrounded  by  gravel-cliff  (at  a 
height  of  nearly  S,000  feet),  south  of  Mendoza,  there 
ia,  as  described  in  the  tenth  chapter,  a  deposit  very  like 
the  Pampean,  interstratiSed  with  other  matter;  and 
again  at  S.  Julian's,  in  Patagonia,  560  miles  south  of 
the  Colorado,  a  small  irregular  bed  of  a  nearly  similar 
nature  contains,  as  we  have  just  seen,  mammiferous 
remains.  In  the  provinces  of  Moxos  and  Chiquitos 
(1,000  miles  northward  of  the  Pampas),  and  in  Bolivia, 
at  a  height  of  4,000  mdtrea,  M.  d'Orbigny  has  described 
similar  deposits,  which  he  believes  to  have  been  formed 
by  the  same  agency  contemporaneously  with  the  Pam- 
pean formation.  Considering  the  immense  distances 
between  these  several  points,  and  their  different  heights, 
it  appears  to  me  infinitely  more  probable,  that  this 
similarity  has  resulted  not  from  contemporaneousness  of 
origin,  bat  from  the  similarity  of  the  rocky  framework 
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of  the  continent :  it  is  known  that  in  Brazil  an  immeoBS'^ 
area  cousista  of  gneiasic  rocks,  and  we  shall  hereaftepj 
see,  over  how  great  a  length  the  plutonfc  rocka  of  t 
Cordiiiera,  the  overlying  pnrple  porphyries,  and  thi 
trachytic  ejections,  are  almost  identical  in  nature. 

Three  theories  on  the  origin  of  the  Pampean  forma-1 
tion  have  been  propounded : — Ii^rst,  tliat  of  a  greai' J 
debacle  by  M.  d'Orbigny ;  this  eeenia  founded  chiefly 
on  the  absence  of  Btratification,  and  on  the  number  of 
embedded  remains  of  terrestrial  quadrupeds.  Although 
the  Pampean  formation  (like  so  many  argillaceoua 
deposits)  ia  not  divided  into  distinct  and  separate  strata, 
yet  we  have  seen  that  in  one  good  section  it  was  striped 
with  horizontal  zones  of  colour,  and  that  in  several 
specifieil  jilares  the  upper  and  loivcr  [larta  dilfiTed,  not 
only  considerably  in  colour,  but  greatly  in  constitution. 
In  the  southern  part  of  the  Pampas  the  upper  mass  (to 
a  certtun  extent  stratified)  generally  consists  of  hard 
tosca-rock,  and  the  lower  part  of  red  Pampean  mnd, 
often  itself  divided  into  two  or  more  masses,  varying  in 
colonr  and  in  the  quantity  of  incladed  calcareoas  n)att«r. 
In  western  Banda  Oriental,  beds  of  a  similar  nature, 
but  of  a  greater  age,  conformably  underlie  and  are 
intercalated  with  the  regularly  stratified  tertiary  forma- 
tion. As  a  general  mle,  the  marly  concretions  are 
arranged  in  horizontal  lines,  sometimes  united  into 
irregular  strata:  surely,  if  the  mud  bad  been  tumul- 
tuonsly  deposited  in  mass,  the  included  calcareous 
matter  wonld  have  segregated  itself  irregularly,  and 
nob  into  nodules  arranged  in  horizontal  lines,  one  above 
the  other  and  often  far  apart :  this  arrangement  appears 
t«  me  to  prove  that  mud,  differing  slightly  in  composi- 
tion,  was  successively  and  quietly  deposited.  On  the 
theory  of  a  debacle,  a  prodigious  amount  of  mud,  with- 
out a  single  pebble,  is  supposed  to  have  been  borne  over 
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the  wide  surface  of  the  Pampas,  when  under  water:  on 
the  other  hand,  over  the  whole  of  Patagonia,  the  same 
or  another  debacle  is  eupposed  to  have  home  nothing 
but  gravel, — the  gravel  and  the  fine  mod  in  the  neigh- 
bourhood of  the  KioB  Negro  and  Colorado  having  been 
borne  to  an  eqnal  distance  from  the  Cordillera,  or 
imagined  line  of  distnrbance :  assnredly  directly  oppo- 
site eBects  ought  not  to  be  attributed  to  the  same 
agency.  Where,  again,  conid  a  mass  of  fine  sediment, 
charged  with  calcareous  matter  in  a  fit  state  for  chemi- 
cal segregation,  and  in  quantity  sufficient  to  cover  an 
area  at  least  750  miles  long,  and  400  miles  broad,  to  a 
depth  of  from  twenty  or  thirty  feet  to  a  hundred  feet, 
have  been  accumulated,  ready  to  be  transported  by  the 
supposed  debacle?  To  my  mind  it  is  little  short  of 
demonstration,  that  a  great  lapse  of  time  was  neceesaiy 
for  the  prodnction  and  deposition  of  the  enormous 
amoQQt  of  mud-like  matter  forming  the  Pampas ;  nor 
should  I  have  noticed-  the  theoiy  of  a  debacle,  had 
it  not  been  adduced  by  a  naturalist  bo  eminent  aa 
M.  d'Orbigny. 

A  second  theory,  first  suggested,  I  believe,  by  Sit 
W.  Parish,  is  that  the  Pampean  formation  waa  thrown 
down  on  low  and  marshy  plains  by  the  rivers  of  thie 
country  before  they  assumed  their  present  courses. 
The  appearance  and  composition  of  the  deposit,  the 
manner  in  which  it  slopes  up  and  round  the  primary 
ranges,  the  nature  of  the  underlying  marine  beds,  the 
estuary  and  sea-shells  on  the  surface,  the  overlyisg 
sandstone  beds  at  M.  Hermoso,  are  all  quite  opposed 
to  this  view.  Nor  do  I  believe  that  there  is  a  single 
instance  of  a  skeleton  of  ona  of  the  extinct  mammifers 
having  been  found  in  an  upright  position,  as  if  it  had 
been  mired. 

The  third  theory,  of  the  truth  of  which  I  cannot 
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entertain  the  smiilleat  doubt,  ia  that  the  Pampean  for- 
mation was  alowly  accnnmlated  at  the  mouth  of  the 
former  estuary  of  the  Plnta  and  ia  the  sea  adjoining  it. 
I  have  coma  to  this  conclusion  from  the  reasons  assi^ed 
against  the  two  foregoing  theories,  and  from  simple 
geographical  considerations.  From  the  numerons  ehella 
of  the  Azara  la/riata  lying  loose  on  the  snrface  of  the 
plains,  and  near  Buenos  Ayres  embedded  in  the  tosea- 
rock,  we  know  that  this  formation  not  only  was  formerly 
covered  by,  but  that  the  nppermost  parts  were  deposit^ 
in,  tile  brackish  water  of  the  ancient  La  Plata.  Sooth- 
ward  and  seaward  of  Buenos  Ayres,  the  plains  were 
upheaved  from  under  water  inhabited  by  true  marine 
aheUa,  ^Ve  further  know  from  Professor  Ehrenberg'a 
examination  of  the  twenty  microscopical  organisms  in 
the  mad  round  the  tooth  of  the  Mastodon  high  np  the 
course  of  the  Parana,  that  the  bottom-most  part  of 
this  formation  was  of  brackish -water  origin.  A  similar 
conclusion  must  be  extended  to  the  beds  of  like  com- 
position, at  the  level  of  the  sea  and  under  it,  at 
M.  Hermoso  in  Bahia  Blanca.  Dr.  Garpenter  &nd3 
that  the  harder  varieties  of  tosca-rock,  collected  chiefly 
to  the  south,  contain  marine  spongoid  bodies,  minute 
fragments  of  shells,  corals,  and  Polythalamia ;  these 
perhaps  may  have  been  drifted  inwards  by  the  tides, 
from  the  more  open  parts  of  the  sea.  The  absence  of 
shells,  throughout  this  deposit,  with  the  exception  of 
the  nppermost  layers  near  Buenos  Ayres,  is  a  remark- 
able fact :  can  it  be  explained  by  the  brackish  condition 
of  the  water,  or  by  the  deep  mud  at  the  bottom  ?  I 
have  stated  that  both  the  reddish  mnd  and  the  concre- 
tions  of  tOBoa-rock  are  often  penetrated  by  minnte, 
linear  cavities,  snch  as  frequently  may  be  observed  in 
fresh-water  caJcareous  deposits: — were  they  produced 
by  the  burrowing  of  small  worms?     Only  on  this  view 
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of  the  PampeaQ  formation  having  been  of  estuary 
origin,  can  tha  extraordinaiT'  onmbers  (presently  to  be 
alluded  to)  of  the  embedded  mammiferona  remains  be 
explained.' 

With  reBpect  to  the  first  origin  of  the  reddish  mud, 
I  ivill  only  remark,  that  the  eoormons  area  of  Brazil 
consists  in  chief  part  of  gneissic  and  other  granitic  rocks, 
which  have  suffered  decomposition,  and  been  converted 
into  a  red,  gritty,  argillaceous  mass,  to  a  greater  depth 
than  in  any  other  country  which  I  have  seen.  The 
mixture  of  rounded  grains,  and  even  of  small  fragments 
and  pebbles  of  quartz,  in  the  Pampean  mud  of  Banda 
Onental,  is  evidently  dae  to  the  neighbouring  and 
underlying  primary  rocks.  The  estuary  mud  was  drifted 
during  the  Pampean  period  in  a  much  more  southerly 
source,  owing  probably  to  the  east  and  west  primary 
ridges  south  of  the  Plata  not  having  been  then  elevated, 
than  the  mud  of  the  Plata  at  present  is ;  for  it  was 
formerly  deposited  as  far  south  as  the  Colorado.  The 
quantity  of  calcareous  matter  in  this  formation,  espe- 
cially in  those  large  districts  where  the  whole  mass 
passes  into  tosca-rock,  is  very  great:  I  have  already 
remarked  on  the  close  resemblance  in  external  and 
microscopical  appearance  between  this  tosca-rock  and 
the  strata  at  Coquimbo,  which  have  certainly  resulted 
from  the  decay  and  attrition  of  recent  shells :  *  I  dare 

'  It  ts  almost  aapeTSitoastogivetbe  nnmerons  cases  (For  ioBtaiice, 
in  Bnmatra ;  LyeQ'B  '  Priocipl^g,'  toI.  iii.  p.  32a,  slitb  edit.)  ol  the 
carcases  of  animals  having  been  washed  onttoseabyswollerriTeni; 
bat  I  may  lefer  to  a  recent  accooDtb;  Uc.  Bet tingtoo  ('Asiatic  Soc.' 
1846,  June  Slst),  of  oien,  deer,  and  bears  being  cairied  Into  the 
OuU  o[  Cambraf ;  see,  also,  the  account  in  tnj  *  Jooinal '  (Snd  edit, 
p.  133)  of  the  nnmbcra  of  animals  drowned  in  the  Plata  daring  the 
great,  often  recarrent.  draughts, 

■  I  may  add,  that  there  are  nearly  similar  tapcrficiiil  calcareons 
beds  at  King  George's  Sound  in  Angtralia  \  and  these  undoubtedly 
have  been  fonnd  by  the  disintegration  of  marine  remains  (see  Chap- 
ter VII.).  There  is,  however,  somethii^  Tery  remarluble  in  the 
frequency  ot  luperQciAl,  thin  bedi  of  esothy  wlcaieoiu  matter,  to 


354  Pampean  Formation  fabt  a 

not,  however,  extend  tiiia  conclnsion  to  the  calcareoua 
rocks  of  the  Pampas,  more  especially^  as  the  miderlying 
tertiary  strata  in  Western  Banda  Oriental  show  that  at 
that  period  there  was  a  copioaa  emission  of  carbonate 
of  lime  in  connection  with  volcanic  action. 

The  Pampean  formation,  judging  from  its  Bimilar 
composition,  and  from  the  apparent  absolate  specific 
identity  of  some  of  its  mammiferoDS  remains,  and  from 
the  generic  resemblance  of  others,  belongs  over  its  vast 
area — thronghout  Banda  Oriental,  Entre  Bios,  and  the 
wide  extent  of  the  Pampas  as  far  south  as  the  Colorado, 
— to  the  same  geological  epoch.  The  mammiferone 
remains  occnr  at  all  depths  from  the  top  to  the  bottom 
ot  the  deposit ;  and  I  may  add  that  nowhere  in  the 
Pampas  is  there  any  appearance  of  much  superficial 
denudation:  some  bones  which  I  found  near  the 
Guardia  del  Moot«  were  embedded  close  to  the  surface: 
and  this  appears  to  have  been  the  case  with  many  of 
those  discovered  in  Banda  Oriental :  on  the  Matanzas, 
twenty  miles  south  of  Buenos  Ayres,  a  Glyptodon  was 
embedded  five  feet  beneath  the  surface ;  numerous 
remains  were  found  by  S.  Muniz,  near  Luxan,  at  an 
average  depth  of  eighteen  feet;  in  Buenos  Ayres  a 
skeleton  was  disiuterred  at  sixty  feet  depth,  and  on  the 
Parana  I  have  descried  two  skeletons  of  the  Mastodon 
only  five  or  six  feet  above  the  very  base  of  the  deposit. 
With  respect  to  the  age  of  this  formation,  as  judged  of 
by  the  ordinary  standard  of  the  existence  of  Mollusca, 

districts  where  the  surrounding  rocks  are  not  calcarcons.  Mnfor 
Charters  in  a  Paper  read  before  the  Itoj'al  Geographical  Society 
(April  l.^lh.  1840,  and  abstr.tctcd  in  the  '  Atben»:iim,'  p.  317).  statcg 
that  this  is  the  case  in  parts  of  Mexico,  and  that  he  has  observed 
similar  appearances  in  many  parts  of  South  Africa.  The  circuia- 
Btance  of  the  uppermost  stintmn  round  the  mpged  Sierra  Ventnna 
consistinf;  of  calcareous  or  marly  matter,  without  any  coverio^  of 
alluvial  matter,  etrikes  me  as  very  singular,  in  whatever  manner  wi 
fiew  the  deposition  and  elevation  of  the  Pampean  formation. 
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the  only  evideiice  within  the  limits  of  the  trae  Pampas 
which  is  at  all  trustworthy  is  afforded  by  the  still  living 
Azara.  labiata  being  embedded  in  tosca-rock  near 
Buenos  Ayres.  At  Punta  Alta,  however,  we  have  seen 
that  several  of  the  extinct  mammifera,  most  character- 
istic of  the  Pampean  fonoatioQ,  co-existed  with  twenty 
species  of  Mollusca,  a  barnacle  and  two  corals,  all  still 
living  on  this  same  coast ; — for  when  we  remember 
that  the  shells  have  a  more  ancient  appearance  than 
the  bones ;  that  many  of  the  bones,  though  embedded 
in  a  coarse  conglomerate,  are  perfectly  preserved  ;  thafc 
almost  all  the  parts  of  the  skeleton  of  tlie  Scelidothe- 
rium,  even  to  the  knee-cap,  were  lying  in  their  proper 
relative  poaitiona ;  and  that  a  large  piece  of  the  fragile 
dermal  armour  of  a  Dasypoid  quadruped,"  connected 
with  some  of  the  bones  of  the  foot,  had  been  entombed 
in  a  condition  allnwing  the  two  sides  to  be  doubled 
together,  it  must  assuredly  be  admitted  that  these 
mammiferons  remains  were  embedded  in  n  fresh  state, 
and  therefore  that  the  living  animals  co-existed  with 
the  co-embedded  shells.  Moreover,  the  Macraitchenia 
Patackonica  (of  which,  according  to  Professor  Owen, 
remains  also  occur  in  the  Pampas  of  Buenos  Ayres,  and 
at  Punta  Alta)  has  been  shown  by  satisfactory  evidence 
of  another  kind  to  have  lived  on  the  plains  of  Pata- 
gonia long  after  the  period  when  the  adjoining  sea  was 
first  tenanted  by  its  present  commonest  moUoscous 
animals.  We  must,  therefore,  conclude  that  the  Pam- 
pean formation  belongs,  in  the  ordinary  geological 
sense  of  the  word,  to  the  Recent  Period.' 

At  St.  F6  Bajnda,  the  Pampean  estuary  formation, 
with   its   mammiferons   remains,   conformably  overlies 

'  M.  d'Orbfgny  believes  ('  Voyaga,  Pnrt.  Qlolog.'  p.  8t)  that  thli 
[nncatinn,  though  '  tr^s  Toisine  de  la  uOtte,  est  ntenmaina  de  beaa- 
coup  imturiciin:  kn 
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the  marine  tertiary  strata,  which  (as  first  shown  hj 
M.  d'Orbigny)  are  contemporaneoas  with  those  of 
Patagonia,  and  which,  as  we  shall  hereafter  see,  belong 
to  a  very  ancient  tertiary  stage.  When  examining  the 
janction  between  these  two  formationa,  I  thought  that 
the  concretionary  layer  of  marl  marked  a  passage  be- 
tween the  marine  and  estuary  stages,  M,  d'Orbigny 
disputts  this  view  (as  given  in  my  Journal),  and  I  admit 
that  it  is  erroneous,  though  in  some  degree  excusable, 
from  their  conform  ability  and  from  both  abounding 
with  calcareous  matter.  It  would,  indeed,  have  been  a 
great  anomaly  if  there  had  been  a  true  passage  between 
B  deposit  contemporaneous  with  existing  species  of 
Mollusca,  and  one  in  which  all  the  Mollusca  appear  to 
be  extinct.  Northward  of  St.  FS,  M.  d'Orbigny  met 
with  ferruginous  sandstones,  marly  rocks,  and  other 
beds,  which  he  considers  as  a  distinct  and  lower  forma- 
tion ;  but  the  evidence  that  they  are  not  piirts  of  the 
same,  with  an  altered  mineralogical  character,  docs  not 
appear  to  me  quite  satisfactory. 

In  Western  Banda  Oriental,  whilst  the  marine  ter- 
tiary strata  were  accumulating,  there  were  volcanic 
eruptions,  much  silex  and  lime  were  precipilated  from 
solution,  coarse  conglomerates  were  formed,  being  de- 
rived probably  from  adjoining  hmd,  and  Inyers  of  red 
nmd  and  marly  rocks,  like  those  of  the  Pampean  for- 
mation, were  occasionally  deposited.  The  true  Pampean 
deposit,  with  mnnimiferous  remains,  instead  of  as  at 
St.  F6  overlying  conformably  the  terliary  stnifa,  is 
here  seen  at  a  lower  level  folding  round  and  between 
tiie  flat-topped,  cliii-bounded  hills,  formed  by  the  up- 
heaval and  denudation  of  these  same  tertiary  strata. 
The  upheaval,  having  occurred  here  eariier  than  at 
St.  Fo,  may  he  naturally  accounted  for  by  the  conteni- 
puraueoua   volcanic  action.     At  the  Barrancas  de   S, 
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Gregorio,  ihe  Pampean  deposit,  as  we  have  seen,  over- 
lies and  fills  np  furrowa  in  coarse  Band,  precisely  like 
that  now  accumulating  on  the  shores  near  the  month  of 
the  Plata.  I  can  hardlj  believe  that  this  loose  and 
coarse  sand  is  contemporaneous  with  the  old  tertiary 
and  otlen  crystalline  strata  of  the  more  western  parts 
of  the  province  ;  and  am  induced  to  suspect  that  it  is 
of  subsequent  origin.  If  that  section  near  Colonia 
could  be  implicitly  trusted,  in  which,  at  a  height  of 
only  fifteen  feet  above  the  Plata,  a  bed  of  fresh-looiting 
mussels,  of  an  existing  littoral  species,  appeared  to  lie 
between  the  sand  and  the  Pampean  mud,  I  should  con> 
etude  that  Banda  Oriental  must  have  stood,  when  the 
coarse  sand  was  accamulating,  at  only  a  little  below  ita 
present  level,  and  had  then  subsided,  allowing  the 
estuary  Pampean  mud  to  cover  far  and  wide  its  surface 
up  to  a  height  of  some  hundred  feet ;  and  that  after 
this  subsidence  the  province  had  been  uplifted  to  ita 
present  level. 

In  Western  Banda  Oriental,  we  know,  from  two 
unequivocal  sections,  that  there  is  a  mass,  absolutely 
undistinguishable  from  the  true  Pampean  deposit,  be- 
neath the  old  tertiary  strata.  This  inferior  mass  must 
be  very  much  more  ancient  than  tiie  npper  deposit  with 
its  mammiferous  remains,  for  it  lies  beneath  the  ter- 
tiary strata  in  which  all  the  shells  are  extinct.  Never- 
theless, the  lower  and  upper  masses,  as  well  as  some 
intermediate  layers,  are  so  similar  in  mineralogical 
character,  that  I  cannot  doubt  that  they  are  all  of 
estuary  origin,  and  have  been  derived  from  the  same 
great  source.  At  first  it  appeared  to  me  extremely 
improbable  that  mud  of  the  same  nature  should  have 
been  deposited  on  nearly  the  same  spot,  during  aa 
immense  lapse  of  time,  namely,  from  a  period  equiva- 
lent perhaps  to  the  Eocene  of  Europe  to  that  of  the 
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that  in  two  limited  sections  I  foand  no  less  than  five 
teeth  aepnratoly  embedded,  and  I  heard  of  teeth  having 
t  been  similurly  found  in  other  parts:  may  we  suppose 
I  that  the  skeletons  or  heads  were  for  a  long  time  gently 
drifted  by  currents  over  the  soft  muddy  bottom,  and 
that  the  teeth  occasionally^  here  and  there,  dropi>ed 
out? 

It  may  be  naturally  aaked,  where  did  these  numerous 
animals  live  ?  From  the  remarkable  discoveries  of 
MM.  Lund  and  Clausen,  it  appears  that  some  of  the 
species  found  in  tbe  Pampas  inliabited  the  high-lands 
L  of  Brazil :  the  Mmtodon  Awlium  is  embedded  at  great 
■  heights  in  the  Cordillera  from  north  of  the  equator'  to 
^Bt  least  as  far  south  as  Tarija ;  and  as  there  is  no  higher 
d,  there  can  be  little  doubt  thitt  this  !\rastodi,n  must 
have  lived  on  the  plains  and  valleys  of  that  great  range. 
These  countries,  however,  appear  too  far  distant  for 
the  habitation  of  the  individuals  entombed  in  the 
Pampas :  we  must  probably  look  to  nearer  points,  for 
instance  to  the  province  of  Corrientes,  which,  as  already 
remarked,  is  said  not  to  be  covered  by  the  Pampean 
formation,  and  may  therefore,  at  the  period  of  its 
deposition,  have  existed  as  dry  land,  I  have  already 
given  my  reasons  for  believing  that  the  animals  em- 
bedded at  M.  Hermoso  and  at  P.  Alta  in  Bahia  Blanca, 
lived  on  adjoining  land,  formed  of  parta  of  the  already 
elevated  Pampean  deposit.  With  respect  to  the  food 
of  these  many  great  extinct  qnadrapeds,  I  will  nob 
repeat  the  &cts  given  in  my  Journal  (second  edit.  p.  85), 
showing  that  there  is  no  correlation  between  the  luxuri- 
ance of  the  vegetation  of  a  country  and  the  size  of  its 

'  Haraboldt  Blates  that  the  Mastodon  has  been  discovered  In 
Hew  Qranada  ;  it  lias  been  found  xa  Quito.  When  at  Lima,  1  san  a 
tooth  of  a  HsHtodon  in  the  poesession  of  Don  M.  Bivero.  found  at 
Flaja  Chica  on  the  Maranou,  near  the  Guallaga.  Everj  one  haa 
heard  of  tbo  Qameroiu  remaina  of  Uaitodon  in  UoUvik. 
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mammiferoua  inhabitaDta.  I  do  not  donbt  that  Inrga 
animalB  could  now  exist,  as  far  as  tlie  amount,  not  kind, 
of  vegetation  is  concerned,  on  the  sterile  plains  of  Bahia 
Blanca  and  of  the  R.  Negro,  as  well  as  on  the  equally 
if  not  more  sterile  plains  of  Southern  Africa,  The 
climate,  however,  may  perhaps  have  somewhat  deterior- 
ated since  the  mammifers  embedded  at  Babia  Blanca 
lived  there ;  for  we  must  not  infer,  from  the  continued 
existence  of  the  same  shells  on  the  present  coasts,  that 
there  has  been  no  change  in  climate ;  for  several  of 
these  shells  now  range  northward  along  the  shores  of 
Brazil,  where  the  most  luxuriant  vegetation  fiourishea 
tinder  a  tropical  temperature.  With  respect  to  the 
extinction,  which  at  first  fills  the  mind  with  astonish- 
ment, of  the  many  great  and  small  mammifers  of  this 
period,  I  may  also  refer  to  the  work  above  cited  (second 
edit.  p.  173),  in  which  I  have  endeavoured  to  show  that, 
however  unable  we  may  be  to  explain  the  precise  cause, 
we  ought  not  properly  to  feel  more  surprised  at  a  species 
becoming  extinct  than  at  one  being  rare ;  and  yet  W9 
are  accustomed  to  view  the  rarity  of  any  particular 
species  aa  an  ordinary  event,  not  requiring  any  extra- 
ordinary agency. 

The  several  mammifers  embedded  in  the  Pampean 
formation,  which  mostly  belong  to  extinct  genera,  and 
some  even  to  extinct  families  or  orders,  and  which  differ 
nearly,  if  not  quite,  as  much  as  do  the  Eocene  mammifers 
of  Europe  from  living  quadrupeds  having  existed  con- 
temporaneously with  Mollusca,  all  still  inhabiting  the 
adjoining  sea,  is  certainly  a  most  striking  fact.  It  is, 
however,  far  from  being  an  isolated  one;  for,  during 
the  late  tertiary  deposits  of  Britain,  an  elephant,  rhi- 
noceros, and  hippopotamus  co-existed  with  many  recent 
land  and  fresh-water  shells;  and,  in  North  America, 
we  have  the  best  evidence  that  a  mastodon,  elephant. 
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megatherium,  megalonjx,  mylodon,  an  extinct  horse 
and  ox,  likewise  co-existed  with  numerous  land,  freah- 
water,  and  marine  recent  slielis,'  The  enumeration  of 
these  extinct  North  American  animals  naturally  leads 
me  to  refer  to  the  former  closer  relation  of  the 
niammiferous  inhabitants  of  the  two  Americas,  which 
I  have  discussed  in  my  Journal,  and  likewise  to  the 
vafit  extent  of  country  over  which  some  of  them  ranged: 
thus  the  same  species  of  the  Megailierium,  Megakrnyx, 
Equus  (aa  far  as  the  state  of  their  remains  permits  of 
identification),  extended  from  the  Southern  United 
States  of  North  America  to  BahiaBianca,  inlat.  39°  S., 
-on  the  coast  of  Patagonia.  The  fact  of  these  animals 
having  inhabited  tropical  and  temperate  regions  does 
not  appear  to  me  any  great  difficulty,  seeing  that  at 
tlio  Cape  of  G--.nil  Hope  ft-v.-r^l  (luaJrupt-ds,  such  aa  the 
elephant  and  hippopotamus,  range  from  the  equator  to 
lat,  35°  south.  The  case  of  the  Mastodon  Andinm  is 
one  of  more  difficulty,  for  it  is  found  from  lat,  36°  S., 
over,  as  I  have  reason  to  believe,  nearly  the  whole  of 
Brazil,  and  up  the  Cordillera,  to  regions  which,  according 
to  M,  d'Orbigny,  border  on  perpetual  snow,  and  which 
are  almost  destitute  of  vegetation :  undoubtedly  the 
climate  of  the  Cordillera  must  have  been  different  when 
the  mastodon  inhabited  it ;  but  we  should  not  forget 
the  case  of  the  Siberian  mammoth  and  rhinoceros,  aa 
showing  how  severe  a  climate  the  larger  pachydermata 
can  endure ;  nor  overlook  the  fact  of  the  gnanaco  rang- 
ing at  the  present  day  over  the  hot  low  deserts  of  Peru, 
the  lofty  pinnacles  of  the  Cordillera,  and  the  damp 
forest-clad  land  of  Southern   Tierra   del  Fuego;   the 

'  Many  □liginal  obseryatioiiB.  aod  a  summaijon  thisBnbject,kre 
gtven  in  Mr.  Lyell's  paper  in  the  'Geolog.  Proo.'  Tol.  iv.  p.  3,  and  in 
hiB  '  Travels  in  North  America,'  vol.  i.  p.  164,  and  vol.  ii.  p.  60,  For 
the  European  enalogooBcates,  see  Mr.  L;ell's' Principles  of  OedUtgjr' 
(6th  edit.)  vol.  1.  p.  137. 


CHAP.  II.        Mammt/erous  Remains  of.  363 

puma,  also,  is  found  from  the  equator  to  the  Strait  of 
Magellan,  and  I  have  Been  its  footsteps  only  a  little 
below  the  limits  of  perpetual  enow  in  the  Cordillera  of 
ChUe. 

At  the  period,  bo  recent  in  a  geological  sense,  when 
these  extinct  mammiferB  existed,  the  two  Americas 
must  have  swarmed  with  quadrupeds,  many  of  thetn 
of  gigantic  size ;  for,  besides  those  more  particularly 
referred  to  in  this  diapter,  we  must  include  in  this 
same  period  those  wonderfully  numerous  remains,  soma 
few  of  them  specifically,  and  others  generically  related 
to  those  of  the  Pampas,  discovered  by  MM.  Lund  and 
Clausen  in  the  caves  of  Brazil.  Finally,  the  facta  here 
given  show  how  cantioua  we  ought  to  be  in  judging  of 
the  antiquity  of  a  formatioD  from  even  a  great  amount 
of  difference  between  the  extinct  and  living  species  in 
any  one  class  of  animals  ; — we  ought  even  to  be  cautions 
in  accepting  the  general  proposition,  that  change  in 
organic  forms  and  lapse  of  time  are  at  all,  necessarily, 
correlatives. 


SUPPLEMENT. 


0»    Oie    Thickness   of  the   Pampean   Formaium,   near 
Buenos  Ayres. 

BepnblUhed  from  the  '  Proc.  of  the  Geological  Soc'  Deo.  8, 1S6S. 

M.  Sonrdeanx  and  J.  Coghlan,  Esq.,  C.E.,  have  had  the 
kindness  to  send  me,  through  E.  B.  "Webb,  Esq.,  C.E., 
some  excellent   aections  of,  and  specimens   from,  two  ' 
artesian  wells  lately  made  at  BuenoB   Ayres.     I  beg 
permission  to  present  these  specimens  to  the  Geological 
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Bociety,  as  they  woald  be  of  considerable  semce  to  auy 
one  investigating  the  geology  of  that  country.  The 
Pampean  formation  is  in  several  respects  eo  interesting, 
from  containing  an  extraordinary  number  of  the  remains 
of  varions  estinct  Mammifcrs,  such  as  Megatherium^ 
Mylodon,  Maslodon,  Toxodon,  Ac,  and  from  its  great 
extent,  stretching  in  a  north  and  south  line  for  at  leiiat 
750  geographical  miles,  and  covering  an  area  fully 
equal  to  that  of  France,  that,  as  it  appears  to  me,  a 
recoiii  ought  to  be  preserved  of  these  borings.  South- 
ward, at  the  Rio  Colorado,  the  Pampean  forraatioa 
meets  the  great  Tertiary  formation  of  Patagonia;  and 
norlhward,  at  St.  F6  Bajada,  it  overlies  this  same  for- 
mation with  its  several  extinct  sheila. 

In  the  central  region  near  Buenos  Ayres  no  natural 
seclion  sliows  its  tluckneris  ;  but,  by  tlii>  borings  there 
made  in  two  artesian  wells  (figs.  3 1  and  32),  the  Pampean 
mud,  with  tosca-rock,  is  seen  to  extend  downwards 
from  the  level  of  the  Rio  Plata  to  a  depth  of  sixty-one 
feet,  and  to  this  must  be  added  fifty-five  feet  above 
the  level  of  the  river.  These  argillaceous  beds  overlie 
coarse  sand,  containing  the  Azara  lahmia,  (a  shell 
characteristic  of  the  Pampean  formation),  and  attaining 
a  thickness  of  about  ninety-three  feet.'     So  that  the 

'  The  following  extract  from  the  Report  of  the  borcta  relates  to 
thisbed;— ThebodoEjellow,  llaidsauds  between  IK- 60  and  47-20 
below  the  ground  oonlaina  a  >mbti?rraineaQ  asoEniUng  current,  the 
level  of  which  has  not  varied  by  a  cenlitu^tru  for  three  years.  Tlio 
level  is  0-60(2  feet  over  the  level  of  tbe  wt  ILs  at  Burac-u).  This  bed 
(■napft')is  powerfully  absorbent,  At68";10asecondsublerraneaDcur- 
rentC  overflowing'),  was  met,  which  'oseone  foot  over  the  surface  of 
tbe  ground  at  Boriacas.  The  discharge  waa  about  50  plpea  doily,  but 
tiie  water  waa  Halt  and  undrinkiible.  At  Tl'liO  wiu  found  a  third 
Bubierraneau  current  (' overflowing '),  which  rcache'l  with  difficulty 
the  level  of  the  ground.  The  discharge  might  be  calculated  at 
100  pipes  daily.  The  water  was  very  salt,  and  absorbed  that  of 
the  tirst  overflowing  current.  The  great  spring  was  met  witli  al 
7T-66; 

As  regards  the  quality  and  abundance  of  the  water,  Mr.  Coghlan 
remarks  that '  Tbe  quantity  of  water  discharged  per  hour  through  a 
tube  of  about  IJ  iucheB  in  diameter,  at  a  level  of  6  feet  above  higb- 
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eutire  thickness  of  the  great  estiiarine  or  Pampean  for- 
mation near  Bnenoa  Ajrea  is  nearly  210  feet. 


ark,  was  2.6C8  (fallonB.  Its  tempernture  was  21°  Cent,,  and 
it  had  a  ulijihtly  disagreeBble  tast«,  from  its  being  impregnated  with 
Baits  of  lime  iuid  magnesia,  and  a  eid&U  qaaotity  of  Hulpbnretted 
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This  formation  rests  on  various  marine  beds  of  in- 
durated green  clay,  sand  with  corals,  sandstone,  and 
limestone,   altogether    107   feet  in   tliickneBS.     These 
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beds  contain  fragmenta  of  the  great  Osfrea  Patagonica, 
0.  Alvarezii  (?),  Pecten  Parane^isis,  and  other  shells, 
apparently  tlie  same  (but  they  have  not  been  rigorously 
compared)  with  those  ennmerated  by  M.  A.  d'Orbigny 
and  by  myself  as  found  at  St.  Fe  Bajada,  as  well  as  at 
various  points  on  the  coast  of  Patagonia.  The  already 
enormous  continuous  extension  of  the  Patagonian  ter- 
tiary  formation   is  thus   largely   increased.     Beneath 
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these  beds  a  mass  of  red  calcareoas  clay,  becoming  in 
the  lower  part  more  and  more  marly,  containing  layers 
of  sand,  and  of  the  thickness  of  213  feet,  was  bored 
throagh  to  a  depth  of  470  feet  from  the  level  of  the 
Bio  Plata.  This  lower  mass  contained  no  foeailB,  and 
its  age  ia  of  course  nnknown  ; '  but  I  may  add  that  I 
saw  at  two  points  in  Western  Banda  Oriental,  beneath 
the  marine  tertiary  strata,  beds  of  red  clay  with  marly 
concretions,  which,  from  their  mineralogical  resemblance 
to  the  overlying  Pampean  formation,  seemed  to  indicate 
that  at  an  ancient  period  the  Rio  Plata  had  deposited 
an  estnarine  formation,  subsequently  covered  by  the 
marine  tertiary  beds,  and  these  by  the  more  modem 
estnarine  formation,  with  its  remains  of  numerous 
gigantic  Mammalia;  and  that,  finally,  the  whole  had 
been  elevated  into  the  present  plains  of  the  Pampas. 


The  followiDz  list,  whict  includes  ever^  account  wliich  I  have 
liithertD  met  with  of  tlie  diacoverj  of  foseil  loamtiiiferoiie  reniaina 
in  the  Panpris,  maj  be  iiereaAar  useful  lo  &  geologist  investigating' 
this  region,  and  it  tenda  to  ebow  (Leir  eitraordinnTy  abundance. 
I  heard  of  and  saw  mnnT  fossils,  the  original  poation  of  which  I 

'•      -  din     •     '      - 


could  not  ascertain ;  and  I  received  many  etatcmenta  too  vague  t( 
he  here  innerted,  Btginiiing  to  the  south: — we  have  the  two 
atalione  in  Baliia  Blauca,  described  in  this  chapter,  where,  at  P. 
AlCa,  the  Megatherium,  Megalonyx,  Scelidotherium,  Itlylodou, 
Holophractus  (or  an  allied  e^nus),  Toxndon,  Macrauchenio,  and 
an  Equtu  were  collected  ;  and  at  M.  Hermoso  a  Ctenomys,  Hydro- 
chcenta,  eome  other  roduDts  and  the  bones  of  a  great  megatheroid 

Juadruped.  Close  north-east  of  the  S.  Tapalc-uen,  we  have  the 
lio  'HueBOs'  (i.e.  hcmet),  which  probably  tales  its  name  from 
large  fi^.-il  bm.s.  Ke.-kr  Villa  Niicvo,  and  nt  I.iis  ATeiins,  not 
far  ftom  the  Bulado,  three  nearly  perfect  skeletons,  one  of  the 
Megatherium,  one  of  the  Glyptodon  claaipes,  and  one  of  some  great 
Dasypoid  quadruped,  were  found  by  the  agent  of  Sir  W.  Feriab 
'  It  was  supposed  b;  Dr.  Bormeister  to  be  Biluriao. 
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(we  his  work  '  Buenos  Ayres,'  &c.  p.  171).  I  hnve  aeen  the  tooth 
of  a  Mnstodon  from  the  Sahdo;  a  little  northward  of  thia  river, 
on  the  borders  of  a  lake  neRT  the  G.  del  Monle,  I  bbw  maiij  bones, 
and  one  large  piere  of  dermal  armour ;  big-ber  up  ihe  Salndo,  there 
ia  a  place  called  Monte  '  Hueaos.'  On  the  Matanias,  abiiut  twenty 
miles  south  of  BueDOS  ^res,  the  skeleton  (vide  p.  178,  of '  Buenos 
Ayres,'  &c.  by  Sir  W.  Parish)  of  a  Glyptodon  was  found  about 
five  feet  beneath  the  suri'uce ;  here  also  (st* '  Cat.  of  Royal  Collejre 
of  Surgeona ')  remains  of  Glyptodim  claEi]>ei,  6.  omatut,  and  O. 
reticulatua  were  found.  Signor  Angclis,  in  a  letter  whicli  I  have 
aeeu,  relets  to  some  great  remains  found  in  Buenos  Ayres,  at  a 
depth  of  twenty  varss  Irom  the  surface.  Seven  leairues  north  of 
this  city  the  same  author  found  the  skeletons  of  Myladon  robiutu/i 
and  Glyptodon  omatut.  From  this  neighbourhood  he  has  lately 
sent  to  the  British  Museum  the  fr.llowing  fossils: — Remains  of 
three  or  four  individuAls  of  Megatherium ;  of  three  fipecies  of 
Oirptodon;  of  three  individuals  of  the  Mastodm  Andium;  of 
Mncrauchenia ;  of  a  second  species  of  ToTodon,  dill'erent  from  T. 
Platengit ;  and,  lastly,  of  tlie  Machairodus,  a  wonderful  larfre  car- 
nivorous ttnioial.  IL  d'Orbigny  has  lately  received  from  the  Reco- 
Inle  ('  Vovnge,' Pal.  p.  144),  near Bueiioe  Ayres, a  tooth  of  Toxodon 
Plat-mi'. 

I'rocp'iilinjr  northward,  alorp-  the  west  bank  of  the  PBraiif.,  we 
come  to  the  Kio  Luxan,  w}itvo  two  likul-'tuus  of  the  .McfTHlh-rium 
have  been  found  ;  Bnil  Inti-lv,  within  eiirhl  hni-ues  of  the  town  of 
l.uxBn,  Dr.  F.  X,  Muulz  has  colleit.-d  ('  British  Packet,'  Itiieiioa 
AjTt's,  Pi'p'eTuher  25ih,  1841),  from  an  averafre  depth  of  eighteen 
f.'i-t,  viTv  nuuitTi  IU3  reiimiiis,  of  no  Uvs  than,  as  he  believes,  nine 
distinct  'e|>iei's  of  nianimifiira.  At  Arcco,  Inrfw  boiifs  hare  bi*n 
found,  wliii'h  are  believed,  by  thu  inhabilnnls,  to  h^ive  lieeii  chsiiged 
from  smnll  bones  by  the  water  of  the  riverl  At  Arrerili-s,  the 
Glyptodon,  sent  to  Ihe  Culli'sire  of  Surgeons,  was  foiiud;  and  I 
have  seen  two  teeth  of  a  Mastodon  from  thi^  qu.irter.  At  S. 
Kicolas,  M.  d'Oiliipoy  found  ri.'wains  of  a  OaijU,  CtcJiomya,  and 
Kerodon ;  and  M.  Isahellc  {'  Voyage,'  p,  .t.'!i!)  n'fers  to  a  gigantic 
Armadillo  found  llH're.  At  S.  Carlfti  I  heard  iif  great  bones.  A 
little  below  the  mouth  or  ihtr  Oiirtaraiia.  the  two  sMetons  of 
Mastodon  were  found ;  on  thf  banks  of  Ibis  river,  lu-ar  y.  Miguel, 
I  found  teKlh  of  the  Mastodon  and  Toiodon;  and  'l-'alkiier' 
([1.  Tiu)  dereribes  the  osseous  armour  of  some  great  animal ;  I  heard 
Q-:  mnnv  other  bones  in  this  neigh Ixturhood.  I  have  seen,  I  mnv 
add,  in' the  ]>o.^<i*Ktiou  of  Mr.  Caldcleuf;!!,  the  tooth  of  a  Mniitodon 
Andiiim.  t^aid  to  have  been  found  in  Paraguay  ;  I  may  here  also  refer 

skeleton  hiiviiig  been  found  in  the  province  of  Bolivia  in  Brazil,  on 
the  1{.  de  las  Cuntas.  Tlio  fiivihent point  we.'lwaiilin  the  Pampas, 
at  whinh  I  have  heard  of  lotBil  bones,  was  high  up  on  the  banks  of 
the  B.  Quinto. 

In  Lntie  Kios,  be  udes  the  remains  of  the  Mastodon,  Ti>.^odon, 
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Equus,  aud  &  great  Daeypoid  quadruped  Dear  St.  Vi  Bnjadu,  I 
received  an  account  of  bones  having  Wn  found  a  btUe  SE.  of 
P.  Qorda  (on  Ibu  I'arnna),  and  of  an  entire  skeleton  at  Matautos, 
on  the  Arroyo  del  AnimHl. 

In  Banda  Oriental,  besides  tJie  remains  of  the  Toxodon,  Mylo- 
don,  and  two  skeleton»  of  great  animals  with  osseous  armour  (diA- 
lioct  from  that  of  the  Glyptodon),  found  on  the  Arrojoa  Ijarandifl 
and  Ilerqucia,  M.  IsabtUe  ('  Vovsge,'  p.  822)  saya,  many  bones 
bate  been  found  near  the  R.  Negro,  and  on  tha  R.  Arapey,  an 
affluent  of  the  Paraguay,  in  lat,  30°  40'  south.  I  heard  of  bones 
near  the  Bource  of  the  A.  Vivoras.     [  saw  the  remains  of  a  Dusy- 

r'd  quadruped  from  the  Arroyo  Seco,  cU'se  to  U.  Video  ;  and 
d'Orbigny  refers  ('  Voyage,  GSolog.'p.  24)  to  another  found  on 
the  Pudemal,  an  atfluent  of  the  St.  Lucia ;  and  Si^nor  Angeliii,  in 
a  letter,  stales  that  a  third  skeleton  of  this  family  has  beeu  found 
near  (^anelones.  I  saw  a  tooth  of  the  Mastodon  from  Talaa, 
another  aiUuent  of  the  St.  Lucia.  The  most  eastern  point  at 
which  I  heard  of  great  bones  having  been  found,  was  At  Solil 
Gruide,  between  M,  Video  and  Maldonado. 


iMiira      r'tmt-i  tf   fa  itr-itr)   tanid—Om  tit  emaaa  af  tlm 


Eio  yerfn. — I  e^n  add  tinl«  to  tlt»  details  given  by 
M.  d'Orbi^iiT '  OD  the  acdstooe  f.TTEwdoti  of  this  dis- 
trict. The  tilfh  to  the  sooth  of  the  rirer  ue  about 
200  feet  in  height,  utd  arc  composed  of  sandstcKie  of 
Tarious  tinta  and  degrees  c^  hardsess.  One  layo*,  whic^ 
thiotied  ont  at  both  ends,  consisted  of  earthy  matter,  of 
a  pale  reddish  colour,  with  Bome  grpeom,  and  very  like 
(I  tipeak  after  compaHsoB  of  the  specimens  broogbt 
home)  Pampean  mad :  above  this  was  a  layer  of  compact 
marly  rock  with  dendritic  manganese.  Many  blocks  of 
a  conglomerate  of  pn mice- pebbles  embedded  in  hard 
aandstone  were  strewed  at  the  foot  of  the  cliff,  and  had 
•vidently  fallen  from  above.  A  few  miles  NE.  of  the 
'  '  Tojage,  Part.  QMus-'  rp  fil-'ML 
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towD,  I  found,  low  down  in  the  sandstone,  a  bed,  a  few 
inches  in  thickness,  of  a  white,  friable,  h-ireh-feeling 
sediment,  which  adheres  to  the  ton^e,  is  of  easy  fusi- 
bility, and  of  little  specific  gravity,  examined  ander 
the  microscope,  it  is  seen  to  be  pumiceouB  tuff,  formed 
of  broken  transparent  crystals.  In  the  cliffs  south  of 
the  river  there  is,  also,  a  thin  layer  of  nearly  similar 
nature,  but  finer  grained,  and  not  so  white;  ib  might 
easily  have  been  mistaken  for  a  calcareous  toff,  but  it 
ooutains  no  lime :  this  aubatance  precisely  resembles  a 
most  widely  extended  and  thick  formation  in  southern 
Patagonia,  hereafter  to  be  described,  and  which  is  re- 
markable for  being  partially  formed  of  Infusoria.  Theae 
beds,  conjointly  with  the  conglomerate  of  pumice,  are 
interesting,  as  showing  the  nature  of  the  volcanic  action 
in  the  Cordillera  during  this  old  tertiary  period. 

In  s  bed  at  the  base  of  the  southern  cliBs,  M.  d'Or- 
bigny  found  two  extinct  fresh-water  shells,  namely,  a 
Unio  and  Chilina.  This  bed  rested  on  one  with  bones 
of  an  extinct  rodent,  namely,  the  Megamys  Patagoni- 
en$ia;  and  this  again  on  another  with  extinct  marine 
shells.  The  species  found  by  M.  d'Orbigny  in  different 
parts  of  this  formation  consist  of: — 


1.  Oatrea    Patngonica,    d'Orbig. 

'  Voyage  Pal.'  [also  at  Bt. 
F6,  and  whole  cuaat  of  Pata- 
gonia). 

2.  Ostiea  iTcrrarisi,  do. 

.  8.  OatTe*     Alvarezii,     d'Orbjg. 


'Voyage  PaL'  (also  Bt.  F« 

aod  S.  Josef). 
4.  Pecten  Patagoniensis,  do. 
6.  Veoas  Miuisterii.do.  (alsoSt 

F«). 
6.  Area  Bonplaudiaua,  do.  (da.) 


According  to  M.  d'Orbigny,  the  sandstone  extends 
westward  along  the  coast  as  far  as  Port  S.  Antonio,  and 
up  the  Rio  Negro  far  into  the  interior:  northward  I 
traced  it  to  the  southern  side  of  the  Rio  Colorado,  where 
it  forms  a  low  denuded  plain.  This  formation,  though 
contemporaneous  with  that  of  the  rest  of  Patagonia,  is 
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quite  different  in  miaeralogical  composition,  being  con- 
nected with  it  only  by  the  one  thin  white  layer:  thin 
diflerence  mny  be  reasonably  attributed  to  the  Gedimeut 
brought  down  in  ancient  times  by  the  Rio  Negro;  by 
which  agency,  also,  we  can  understand  the  presence  of 
the  fresh- water  shells,  and  of  the  bones  of  land  animals. 
Judging  from  the  identity  of  four  of  the  above  shells, 
this  formation  is  coutemporaDeoua  (as  remarked  by 
M.  d'Orbigny)  with  that  under  the  Pampean  deposit  in 
Entre  Rios  and  in  Banda  Oriental.  The  gravel  capping 
the  sandstone  phuu,  with  its  calcareous  ce-ment  and 
nodules  of  gypsum,  ia  probably,  from  the  reasons  given 
in  the  eighth  chapter,  contemporaneous  with  the  npper- 
jDOst  beds  of  the  Pampean  formation  on  the  upper  plain 
north  of  the  Colorado. 

San  Joeef. — My  ezanunation  here  was  very  short: 
the  clife  are  about  100  feet  high;  the  lower  third 
consists  of  yellowish-brown,  soft,  slightly  calcareous, 
muddy  sandstone,  parts  of  which  when  strnck  emit  a 
fetid  smell.  In  this  bed  the  great  Oslrea  Patagonicaf 
often  marked  with  dendritic  manganese  and  small  coral- 
lines, were  extraordinarily  numerous.  I  found  here  the 
following  shells : — 

1.  Osltea  Fatagonica,  d'OrbiK.  '  Yajbge  PaL'  (also  at  St.  F6  and 

whole  cnast  uf  Patagonia). 

2.  Oslrea  Alvarezii,  d'Oibig,  '  V.  Pal '  (also  St.  F6  and  R.  Negro.) 
8.  Pecten  Paranenaia,  d'Orbig.  'V.  Pal.'  and  PI.  III.  i.  30  of  ihis 

work  (also  St.  V6,  8.  Julian,  and  Port  Desire). 
i.  Pecten  Darwinianus,  d'Orbig.  ■  V.  Pal.'  and  PL  III.  t.  26  and  29 

(also  St.  V6.) 
6.  Pecten  actinodca,  Q.  B.  Sowerb7,  PI.  III.  f.  33. 

6.  Terebratula  Patagonica,  Q.  B.  Bowerl^,  PI,  IL  L  26  and  27 

(also  S.  Julian;. 

7.  Caata  of »  Turritella. 

The  four  first  of  these  species  occur  at  St.  F6  in 
Entie  Rios,  and  the  two  first  in  the  sandstone  of  the 
Rio  Negro.     Above  this  fossiliferous  mass,  there  ia  m 
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Btratum  of  very  fine-grained,  pale  brown  mndstone, 
including  numeroaa  laminse  of  selenite.  All  the  strata 
appear  horizontal,  but  when  folldwed  by  the  eye  for  a 
long  distance,  they  are  seen  to  have  a  small  easterly 
dip.  On  the  surface  we  have  the  porphyritic  gravel, 
and  on  it  sand  with  recent  sheila. 

Nuevo  Gulf. — Prom  Bpecimens  and  notes  given  me 
by  Lieut.  Stokes,  it  appears  that  the  lower  bed  consista 
of  soft  muddy  sandstone,  like  that  of  S.  Josef,  with 
many  imperfect  shells,  including  the  Feeten  Paranensis, 
d'Orbig.,  casts  of  a  Turritella  and  Scutella.  On  this 
there  are  two  strata  of  the  pale  brown  mudatone,  also, 
like  that  of  S.  Josef,  separated  by  a  darker  coloured, 
more  argillaceous  variety,  including  the  Onlrea.  Pabi- 
gonica.  Prof.  Ehrenberg  has  examined  this  mudstone 
for  me :  he  finds  in  it  three  already  known  microscopic 
organisms,  enveloped  in  a  fine-grained  pomiceoua  tuff, 
which  I  shall  have  immediately  to  describe  in  detail. 
Specimens  brought  to  nie  from  the  uppermost  bed, 
north  of  the  RioChupat,  consist  of  this  same  substance, 
but  of  a  whiter  colour. 

Tertiary  strata,  such  as  are  here  described,  appear 
to  extend  along  the  whole  coast  between  the  RioChuimt 
and  Port  Desire,  except  where  interrnpted  by  the  under- 
lying claystone  porphyry,  and  by  some  nietaniorphic 
rocks ;  these  hard  rocks,  I  may  add,  are  found  at  in- 
tervals over  a  space  of  about  five  degrees  of  latitude, 
from  Point  Union  to  a  point  between  Port  S.  Julian 
and  S.  Cruz,  and  will  be  described  in  the  ensuing  chapter. 
Many  gigantic  specimens  of  the  Oetrea  Palagonka 
were  collected  in  the  Gulf  of  St.  George. 

Port  Dexira. — A  good  section  of  the  lowest  fossili- 
ferous  mass,  about  forty  feet  in  thickaesa,  resting  on 
claystone  porphyry,  is  exhibited  a  few  miles  soaih  of 
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the  harbonp.      The   shells    Bafficiently  perfect  to   be 
TecogntBed  consist  of: — 

1.  <Mn«TMagaBlaR,d'OiUg.(ata»«tSt.F«KidwlMla  oowt  at 

Fatagonla). 
S.  FMtenFaniMada,d*OrUg.'Tonr.TU..'aiid7Lin.t.S0otthIi 

.  iroric  (alioM  Bt.  n^  8.  JoMt,  B.  Jnllait). 
I.  Faeten  oentnUi,  O.  B.  Sowcrtij,  PL  m.  f.  81  (alw>  B.  Jnlfara 

and  B.  Cta>). 

4.  Oa(»UMaB«,do,FLILie9,U(alM8.Cnii}. 

5.  Naoala  onata,  do.,  PL  n.  £  19. 

a.  TairiUlUftFMi«Mitai.d(k,n.IILf.4S. 

Tlie  fbsnli&ronB  Btnf;^  .Vrbere  not  denaded,  are' 
ocmforombly  covered'  by  a  ooimderable  tlucknees  df  the 
fiae-greiiied  pamiceooB  madstone,  divided  into  two 
masMB :  the  lower  half  is  rery  Qae-graioed,  alighUy 
nnctnoos,  and  so  compact  aa  to  break  with  a  eemi- 
ooncboidal  fractnre,  thoogh  yielding  to  the  nail ;  it 
includes  laminse  of  selenite :  the  upper  half  precisely 
resembles  the  one  layer  at  the  Rio  Negro,  and,  with  the 
exception  of  being  whiter,  the  upper  beds  at  Saa  Josef 
and  Nuevo  Gulf.  In  neither  mass  ia  there  any  trace  to 
the  naked  eye  of  organic  forms.  Taking  the  entire 
deposit,  it  ia  generally  quite  white,  or  yellowish,  or 
feebly  tinted  with  green;  it  is  either  almost  Mable 
under  the  6nger,  or  as  hard  as  chalk ;  it  is  of  easy 
fbsibility,  of  little  specific  gravity,  is  not  harsh  to  the 
touch,  adheres  to  the  tongue,  and  when  breathed  on 
exhales  a  strong  aluminous  odoor ;  it  sometimes  con- 
tains a  very  little  calcareous  matter,  and  traces  (besides 
the  included  laminse)  of  gypaum.  Under  the  microscope, 
according  to  Prof.  Ehrenberg,'  it  consists  of  minute, 
triturated,  cellular,  glassy  fragments  of  pumice,  with 
some  broken  crystals.  In  the  minoto  glassy  fragments, 
Prof  Ehrenberg  recognisea  organic  structures,  which 
have  been  aSbcted  by  volcanic  heat :  in  the  specimens 
from  this  place,  and  from  Fort  S.  Jnlion,  he  finda  six' 
■  'Monatsbericbten  dor  kocig.  Akad.  id  Berlin  vam  April,  1846.' 
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teen  Polygastrica  and  twelve  Phytolitharia-  Of  these 
organisms,  seven  are  new  forms,  the  others  being  pre- 
viously known :  alt  are  of  marine,  and  chiefly  of  oceanic, 
origin.  This  deposib  to  the  naked  eye  resembles  the 
cnist  which  often  appears  on  weathered  sorfaces  of 
feldspathic  rocks ;  it  likewise  resembles  those  beds  of 
earthy  f el dspathic  matter,  sometimes  interstratified  with 
porphyritic  rocka,  as  is  the  case  in  this  very  district 
with  the  underlying  purple  claystone  porphyry.  From 
examining  specimens  under  a  common  microscope,  and 
comparing  them  with  other  specimens  undoubtedly  of 
Yolcaaic  origin,  I  had  come  to  the  same  conclusion  with 
Prof.  Bhrenberg,  namely,  that  this  great  deposit,  in  its 
first  origin,  is  of  volcanic  nature. 

Tvrt  S.  Julian. — On  the  south  aide  of  the  harbonr, 
the  following  section,  which  I  here  repeat,  gives  the 
nature  of  the  beds  seen  in  the  cliffs  of  the  ninety  feet 

No;  33. 

BecOan  ol  tHe  .itnCa  oiliiliit*!  in  the  ollffa  of  tha  »-faet  plain  U.  Port 


plain.  Beginning  at  the  top, — 1st,  the  earthy  mass 
(A  A),  including  the  remains  of  the  Macrauchenia,  with 
recent  shells  on  the  surface;  2nd,  the  porphyritic 
ahingle  (B),  which  in  its  lower  part  is  inferstratified 
(owing,  I  believe,  to  redeposition  during  denudation) 
with  the  white  pumiceous  mudstone;  3rd,  this  white 
mndstone,  about  twenty  feet  in  thickness,  and  divided 
into  two  varieties  (C  and  D),  both  closely  resembling 
the  lower,  fine-grained,  more  unctuous  and  compact 
kind  at  Port  Desire  ;  and,  as  at  that  place,  including 
much  selenite ;  4th,  a  fossiliferons  mass,  divided  into 
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three  main  beds,  of  which  the  appermost  is  thin,  and 
consista  of  ferruginous  sandstone,  with  many  shells  of 
the  great  oyster  and  Pecten  Paranensis ;  the  middle 
bed  (E)  is  a  yellowish  earthy  sandstone  abounding  with 
ScutolliB;  and  the  lowest  bed  (F)  ia  an  indurated, 
greenish,  sandy  clay,  includtng  large  concretions  of 
calcareous  Bandetone,  many  shells  of  the  great  oyster, 
and  in  parts  almost  made  up  of  fragments  of  BalanidGS. 
Out  of  those  three  beds,  I  procured  the  following  twelve 
species,  of  which  the  two  first  were  exceedingly  numerous 
in  Individuals,  as  were  the  Terebratulee  and  TurritelljB 
in  certain  layers : — 

I      1,  Oslrea  Fatjiyonioa,  d'Orb.  ■Voyage  TttL'  (also  at  Bt  Fi  uid 
ft  whole  coftat  of  Patagonia). 

t.  PeoMa  FamwtutR,  d'urbig.  dCL,  and  n.  in.  f.  80  ot.tbliwoik 

(St.  Pf,  8.  Joaef,  Port  Deaire). 
8.  PecMQ  centralu,  O.  B.  Kowerbj,  PL  III.  L  31  (also  P.  Desiia 

and  8.  Crnz). 
4.  Pecten  geminatas,  do.,  PI.  II.  f.  24. 
6.  Terebrfttnltt  Patagonica,  do.,  PI.  II.  t.  2B  and  27  (also  8.  Josef). 

6.  Struthiolaria  ocnata,  do.,  PI.  IV.  f.  62  (also  8.  Crui). 

7.  Fnsns  Pata^nicuB,  do.,  PI,  IV.  f.  GO. 

8.  Fqsub  NoachimiB,  do.,  PI.  IV.  f.  68  aad  Sit. 

9.  Scalaria  rugnlosa,  do.,  Fl.  III.  f.  42  and  43. 

10.  Tnrritella  ambiOacram,  do,.  PI.  III.  f.  49  (also  8.  Cra«). 

11.  Pj-rula,  cast  of,  like  P.  ventciooaa  oi  Sowi-rby,  Tank  Cat^ 
13.  Balanas  varians,  0.  B.  Gowerbf,  PI.  II.  f.  4.  6,  6. 

18.  Scutello,  diSering  from  the  species  from  Nuevo  Qulf. 

At  the  head  of  the  inner  harbour  of  Port  S.  Julian, 
the  foasiliferouB  mass  is  not  displayed,  and  the  sea-cliffs 
from  the  water's  edge  to  a  height  of  between  190  and 
200  feet  are  formed  of  the  white  pumiceous  mndstone, 
which  here  JDcludee  innumerable,  far-extended,  some- 
times horizont,al,  sometimes  inclined  or  vertical  laminee 
of  transparent  gypsum,  often  about  an  inch  in  thick- 
ness. Further  inland,  with  the  exception  of  the 
superficial  gravel,  the  whole  thickness  of  the  truncated 
hills,  which  represent  a  formerly  continuous  plain  950 
feet  in  height,  appears  to  be  formed  of  this  white  mud' 
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Etoiie :  here  and  there,  however,  at  variohs  heightfl,  thin 
earthy  layers,  containing  the  great  oyster,  Peden  Poro- 
nensis  and  TarrUdla  ainfndacrum,  are  interetratified ; 
thiis  showing  that  the  whole  mass  belongs  to  the  same 
epoch.  I  nowhere  found  even  a  fragment  of  a  shell 
actually  in  the  white  deposit,  and  only  a  single  cast  of 
a  Tnrritella.  Out  of  the  eighteen  microscopic  organisms 
discovered  by  Ehrenberg  in  the  epecimene  from  this 
place,  ten  are  common  to  the  same  deposit  at  Port 
Desire.  I  may  add  that  specimens  of  this  white  mnd> 
etone,  with  the  same  identical  characters,  were  brought 
me  from  two  points, — one  twenty  miles  north  of  S. 
Julian,  where  a  wide  gravel-capped  plain,  350  feet  in 
height,  is  thus  composed;  and  the  other  forty  miles 
Bouth  of  S.  Julian,  where,  on  the  old  charts,  the  cIiSb 
&re  marked  as  '  Chalk  HiUs.' 

Santa,  Cruz. — The  gravel-capped  cliffs  at  the  month 
of  the  river  are  355  feet  in  height :  the  lower  part,  to 
a  thickness  of  fifty  or  sixty  feet,  consists  of  a  more  or 
less  hardened,  darkish,  muddy,  or  argillaceous  sandstone 
(like  the  lowest  bed  of  Port  Desire),  containing  very 
many  shells,  some  eilici6ed  and  some  converted  into 
yellow  calcareous  spar.  The  great  oyster  is  hero 
numerous  in  layei-s;  the  Trigonocelia  and  Turritella 
are  also  very  numerous:  it  is  remarkable  that  the 
Pecten  Paramsmia,  so  common  in  all  other  parts  of 
the  coast,  is  here  absent :  the  shells  consist  of: — 

1.  Oatrea  Patagnnica,  d'Orbig-.  ■  Tojagc  Pal.'  (also  at  Bt.  F£  kdA 
whole  coast  of  FalH;;onia). 

3.  Pecten  centralis,  Q.  B.  Sowerby,  PI.  III.  t.  31  (also  F.  Desirs 

and  S.  Julian). 

5.  Venaa  meridionalis  of  O,  B.  Sowerby,  PI.  II.  f.  18. 

4.  Crassatella  Ljellil,  do.  PI.  U.  f.  10. 

6.  Cardiuiji  pulchelluin,  do.  PI.  II.  f.  IB. 

6.  CardiU  Patag:onica.  do.  PI.  II.  f.  17. 

7.  Mactra  niKftfa,  do.  PI.  II.  f.  8. 

5.  Mactra  Darwinii,  do.  PI.  II.  f.  9. 

9.  Cncullss  alto,  do.  PI.  II.  f.  22,  33  (also  P.  Dealie). 


18.  Tolnta  altw,  do.  PL  IT.  1  76. 
14.  TnMbiia<Mdluii,do.Rl[I.t.  44,45. 
IB.  VatU»miiatO),^-Vtm.tM,*l. 
16.  8tnitUotari«<niaML,^Pl.  IT.f.S2(tJMP.Derir^ 
IT.  tnnileUft  Mntnilaonun,  do.  PL  HI.  f.  49  (abo  P.  8.  ^oliaa). 
ImpeifactlTagmM^  of  ttw  genan  BTHoanw,  Ai1«inia,aBd  Fnmw. 

Tbe  npper  part  of  the  cliff  is  generally  divided  iato 
UueQ  great  strata,  ditferin|>  eliglitly  in  oonipoeitkm,  but 
eemitta]];  reeembling  the  pomiceons  mudstone  of  the 
Jilaoes  fiurther  north ;  tiie  depoedt,  however,  here  is  mors 
arenaceooB,  of  greater  spedfio  gravity,  and  not  eo  white ; 
it  ia  interlaced  with  nniiteitas  thin  vuns,  partially' or 
qbitefiUedwilbtransveiBe  fibres  of  gypsnm;  these  fibres 
were  too  shcnt  to  reach  acRws  the  vein,  hare  their  extra* 
mities  curved  or  bent :  in  the  sanie  veins  with  the  gyp-^ 
snm,  and  likewiaa  in  separate  veins  as  well  as  in  little 
nests,  there  is  much  powdery  sulphate  of  magneBia  (as 
ascertained  by  Mr.  Reeks)  in  an  uncompressed  form :  I 
believe  that  this  salt  has  not  heretofore  been  foand  in 
veins.  Of  the  three  beds,  the  central  one  is  the  most  com- 
pact, and  more  like  ordinary  sandstotie:  it  includes  nu- 
meroas  flattened  spherical  concretions,  of^en  united  like 
a  necklace,  composed  of  hard  calcareous  sandstone,  con- 
taining a  few  shells :  some  of  these  concretions  were 
four  feet  in  diameter,  and  in  a  horizontal  line  nine  feet 
apart,  showing  that  the  calcareous  matter  must  have 
been  drawn  to  the  centres  of  attraction  from  a  distance 
of  fonr  feet  and  a  half  on  both  sides.  In  the  upper  and 
lower  6ner-grained  strata,  there  were  other  concretions 
of  a  grey  colour,  containing  calcareous  matter,  and  so 
fine-grained  and  compact  as  almost  to  resemble  por- 
celain-rock :  I  have  seen  exactly  similar  concretions  in 
a  volcanic  tufaoeous  bed  in  Chiloe.  Although  in  this 
npper  fine-grained  strata,  organic  remains  were  very 
rare,  yet  I  noticed  a.  few  of  the  great  oyster;  and  in 
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one  included  soft  ferruginous  layer,  tliere  were  some  epeci- 
meuM  of  the  Cvculkea  alia  (found  at  Fort  Desire  in  the 
lower  foasiliferous  mass)  and  of  the  Mactiu  rut/ata,  which 
latt«r  shell  has  been  partially  converted  into  gypsum. 

In  ascending  the  valley  of  the  S.  Cruz,  the  upper 
strata  of  the  coast-cliffs  are  prolonged,  with  nearly  the 
same  characters,  for  fifty  miles :  at  about  this  point, 
they  begin  in  the  most  gradual  and  scarcely  perceptible 
manner,  to  be  banded  with  white  lines ;  and  afler  as- 
cending ten  miles  farther,  we  meet  with  distinct  thin 
layers  of  whitish,  greenish,  and  yellowish  finegrained, 
fusible  sediments.  At  eighty  miles  from  the  coast,'  in 
a  cliff  thus  composed,  there  were  a  few  layers  of  ferru- 
ginons  sandstone,  and  of  an  argillaceoas  sandstone  with 

No.  34. 
Btctlon  of  tfae  plalm  of  PBUgonb^  on  Ok  baaki  of  the  a,  Crai. 
BnrfKe  of  plain  with  cmtlc  bmaldtra ;  l,Ut  tt.  ■bora  the  n. 


t.  Sedliueulu-/  Uyaa.  d.  Bal  o[  mull  pebbliM.  '.  Tslal. 

concretions  of  marl  like  those  in  the  Pampas.     At  100 
miles  from  thi'  coast,  that  is  at  a  central  point  between 


1380  Tertiary  Formations.  ^akt  n.    ^| 

the  Atlantic  and  the  Cordillera,  we  have  the  precediBg    ^| 
Hccioa. 

The  opper  batf  <rf  the  sedimentary  mass,  ander  the 
tmaltiii  lava,  oonnufcB  k&  innomenble  wneB  of  perfectly 
wUte,  lai^tt  green,  yeUawiflh  amd  browiuBh,  fine-grained, 
lomelamee  inot^MTMit,  aedimeotary  mstter.  The  white, 
ptunioeons,  traohytio  tnff-Uke  varietiea  are  <tf  rather 
greater  apeoifio  gravity  tiiaa  the  pomioeoiiH  modstone 
on  tiie  coaat  to  the  noitit :  somB  of  Ute  layers,  especially, 
the  bnnmer  onee,  are  coarser,  w  that  the  broken  078- 
tala  are  diiitangniBhable  with  a  weak  leng.  The  layers- 
vary  in  ohancter  in  ahOTt  diatanoea.  With  t^e  excep- 
tion of  a  few  of  t^  Offfraa  PaAaqimiea,  which  appeared 
b>  have  rolled  down  fttaa.  the  cliff  above,  no  ragaoio 
remains  were  fonnd.  The  chief  difference  between 
these  layers  taken  as  a  whole,  and  the  upper  beds  both 
at  the  mouth  of  the  river  and  on  the  coast  northward, 
Beems  to  lie  in  the  occasional  presence  of  more  colouring 
matter,  and  in  the  supply  having  been  intermittent: 
these  characters,  as  we  have  seen,  very  gradually  dis- 
appear in  descending  the  valley,  and  this  fact  may 
perhaps  be  accounted  for  by  the  currents  of  a  more 
open  sea  having  blended  together  the  sediment  from  a 
distant  and  intermittent  source. 

The  coloured  layers  in  the  foregoing  section  rest  on 
B  mass,  apparently  of  great  thickness  (bnt  much  bidden 
by  the  talus),  of  soft  sandstone,  almost  composed  of 
minute  pebbles,  from  one-tenth  to  two-tenths  of  an 
inch  in  diameter,  of  the  rocks  (with  the  entire  exception 

a  great  slip,  nhicli  hu  formecl  bilU  betneeo  60  and  TO  feet  in  height, 
aud  has  tilted  the  strata  into  highly  inclined  and  even  verliciilpoai- 
tinns.  The  Birata  generally  dipped  at  an  angle  of  46°  toivarda  the 
cliff  from  which  ihey  Lad  glided.  1  have  obaerred  in  slips,  both  on 
a  eniall  and  lai^e  scale,  that  i  hia  inirard  dip  is  very  general,  la  it 
due  to  the  hydrostatic  pressure  of  water  percolating  wirh  difficulty 
through  the  strata  acting  wiih  greater  force  at  the  bate  of  th* 
inaas  than  agaiost  the  upper  parti 
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of  the  basaltic  lava)  composing  the  great  boulders  on 
the  snrfoce  of  the  plain,  and  probably  composing  the 
neighbonring  Cordillera.  Fire  miles  higher  np  the 
valley,  and  agaia  thirty  miles  higher  np,'(that  is  twenty 
miles  from  the  nearest  range  of  the  Cordillera)  the  lower 
plain  included  within  the  upper  escarpments  is  formed, 
aa  seen  on  the  banks  of  the  river,  of  a  nearly  similar 
but  finer^grained,  more  earthy,  laminated  sandstone, 
alternating  with  argillaceous  beds,  and  containing  nu- 
merous moderately  sized  pebbles  of  the  same  rocks,  and 
some  shells  of  the  great  Ostrea  Patagonica.  As  most 
of  these  shells  had  been  rolled  before  being  here  em- 
bedded, their  presence  does  not  prove  that  the  sand- 
stone belongs  to  the  great  Patagonian  tertiary  formation, 
for  they  might  have  been  redepoaited  in  it  when  the 
valley  existed  as  a  sea-strait ;  but  aa  amongst  the 
pebbles  there  were  none  of  basalt,  although  the  cliffs  on 
both  sides  of  the  valley  are  composed  of  this  rock,  I 
believe  that  the  sandstone  does  belong  to  this  formation. 
At  the  highest  point  to  which  we  ascended,  twenty 
miles  distant  from  the  nearest  slope  of  the  Cordillera,  I 
could  see  the  horizontally  zoned  white  beds,  stretching 
under  the  bliick  basaltic  lava,  close  up  to  the  mountains ; 
so  that  the  valley  of  the  S.  Cruz  gives  a  fair  idea  of  the 
constitntion  of  the  whole  width  of  Patagonia. 

Basaltic  Lava  of  the  S.  Grus. — This  formation  is 
first  met  with  sixty-seven  miles  from  the  month  of  the 
river;  thence  it  extends  uninterrnptedly,  generally  but 
not  exclusively  on  the  northern  aide  of  the  valley,  close 
up  to  the  Cordillera.  The  basalt  is  genera'ly  blaok 
and  fine-grained,  but  sometimes  gray  and  laminated ; 
it  contains  some  olivine,  and  high  up  the  valley  much 

'  I  foaad  at  both  places,  bnt  not  In  tUu,  qnantilies  of  comfeTons 
and  ordinary  dicotyledoDons  silicllied  wood,  which  was  eiamiped 
for  me  by  Mr.  B.  Brown, 
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glassy  feldspar,  where,  also,  it  ia  often  amygdaloidol ; 
it  is  never  highly  vesicular,  except  on  the  sidea  of  rents 
and  on  the  upper  and  lower,  spherically  laminated  aur- 
&cea.  It  is  often  coluransr ;  and  in  one  place  I  saw 
■mngnificent  columns,  each  face  twelve  feet  in  width, 
Di\ih  tlwtr  ittterataoes  filled  op  with  caloarMtu  taf& 
Hie  BtroniB  reat  oonfortaably  on  the  white  tadasoB^arj 
beds,  Irat  I  nowbdie  tew  the  Mtaal  jtutotaoa ;  usa  did  I 
«nywlter6  see  the  white  beds  eataftUy  Bi^Mrimpoeed  on 
IJM  bn;  bnt  BOme  way  op  thQ  tiUef,  at  die  foot  of 
tiie  mppenaoatr  eBearpmeata,  they  most  be  thoa  a«par> 
ampoeed;  Mcveovef,  at  the  lowtet  pcast  down  As 
vall^,  where  the  atreanu  tiiin  oot  wid  tewuBate  in 
jnegnlar  jnojeotaona,  the  Bpteea  or  intemls  bitim 
these  projedtioiiB  are  filled  np  to  the  level  of  the  now 
denuded  and  gravel-capped  Burfaces  of  the  plains,  with 
the  white-zoned  sedimentary  beds ;  proving  that  this 
matter  continued  to  be  deposited  aller  the  streams  had 
flowed.  Hence  we  may  conclude  that  the  basalt  ia 
contemporaneous  with  the  upper  parts  of  the  great 
tertiary  formation. 

The  tava  where  first  met  with  is  130  feet  in  thick- 
ness :  it  there  consists  of  two,  three,  or  perhaps  more 
Blreams,  divided  from  each  other  by  vesicular  spheroids, 
like  those  on  the  surface.  From  the  streams  having, 
as  it  appears,  extended  to  different  distances,  the  terminal 
points  are  of  unequal  heights.  Generally  the  suriace 
of  the  basalt  is  smooth  ;  but  in  one  pirt  high  up  the 
valley  it  was  so  uaeven  and  hammocky,  that  until  I 
afterwards  saw  the  streams  extending  continuously  on 
both  sides  of  the  valley  up  to  a  height  of  about  3,000 
feet  close  to  the  Cordillera,  I  thought  that  the  crateia  of 
eruption  were  probably  close  at  hand.  Thishummocfey 
surface  I  believe  to  have  been  cansed  by  the  crossing 
uid   heaping  up  of  different  streams.     In  one  plaoe, 
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there  were  several  roanded  ridgea  about  tweoty  feet  in 
height,  Bome  of  them  as  broad  as  high,  and  Bome  broader, 
which  certainly  hod  been  formed  whilst  the  lava  was 
fluid,  for  in  transverse  sections  each  ridge  was  seen  to 
be  concentrically  laminated,  and  to  be  composed  of  im- 
perfect columns  radiating  from  common  centres,  like 
the  spokes  of  wheels. 

The  basaltic  mass  where  first  met  with  is,  as  I  have 
said,  130  feet  in  thickness,  and,  thirty-five  miles  higher 
up  the  valley,  it  increases  to  822  feet.  In  the  first 
fourteen  and  a  half  miles  of  this  distance,  the  upper 
surface  of  the  lava,  judging  from  three  measaremeuts 
taken  above  the  level  of  the  river  (of  which  the  appa- 
rently very  aniform  inclination  has  been  calculated 
from  xia  total  height  at  a  point  135  miles  from  the 
month)  slopes  towards  the  Atlantic  et  an  angle  of  only 
0°  7'  20" :  this  must  be  considered  only  as  an  approxi- 
mate measurement,  but  it  cannot  be  far  wrong.  Taking 
the  whole  thirty-five  miles,  the  upper  surface  slopes  at 
an  angle  of  0'^  10'  53"  ;  but  this  result  is  of  no  value  in 
flhowing  the  inclination  of  any  one  stream,  for  half-way 
between  the  two  points  of  measurement,  the  surface 
suddenly  rises  between  100  and  200  feet,  apparently 
caused  by  some  of  the  uppermost  streams  having 
extended  thus  far  and  no  farther.  From  the  measure- 
ments made  at  these  two  points,  thirty-five  miles  apart, 
the  mean  inclination  of  the  sedimentary  beds,  over 
which  the  lava  has  flowed,  is  lunii  (after  elevation  from 
nnder  the  sea)  only  0°  7'  52" :  for  the  sake  of  compari- 
son, it  may  be  mentioned  that  the  bottom  of  the  present 
sea  in  a  line  from  the  mouth  of  the  S.  Cruz  to  the 
Falkland  Islands,  from  a  depth  of  seventeen  fathoms  to 
a  depth  of  eighty-five  fathoms,  declines  at  au  angle  of 
0°  1'  22"  ;  between  the  beach  and  the  depth  of  seven- 
teen fiithoms,  the  slope  is  greater.     From  a  ptnnt  aboat 
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&alf-w(iy  up  the  valley,  the  basaltic  mass  rises  mora 
abruptly  towards  the  foot  of  the  Cordillera,  namely, 
from  a  height  of  1,204  feet,  to  about  3,000  feet  abo?d 
the  sea. 

This  great  deluge  of  lava  is  worthy,  in  its  dimenaions, 
of  the  great  continent  to  which  it  belongs.  The  aggre- 
gate streams  have  flowed  from  the  Cordillera  to  a  dis- 
tance (unparalleled,  1  believe,  in  any  case  yet  known) 
of  about  100  geographical  miiea.  Near  their  furthest 
estreraity  their  total  thickness  is  130  feet,  wiiich  increase 
thirty-five  miles  farther  inland,  as  we  hare  just  seen, 
to  322  feet.  The  least  inclination  given  by  M.  E.  de 
Beaumont  of  the  upper  surface  of  a  lava  stream,  namely, 
0°  30',  is  thnt  of  the  great  Bubafirial  eruption  in  1783 
fmni  Skiipt^r  Jukul  in  Iceland  ;  and  M.  E.  de  Beaumont 
shows'  that  it  must  have  flowed  down  a  mean  inclination 
of  less  than  0°  20'.  But  we  now  see  that  under  the 
pressure  of  the  sea  successive  streams  have  flowed  over 
a  smooth  bottom  with  a  mean  inclination  not  more 
than  0°  7'  52"  j  and  that  the  upper  surface  of  the 
terminal  portion  (over  a  space  of  fourteen  and  a  half 
miles)  has  an  inclination  of  not  more  than  0°  7'  20". 
If  the  elevation  of  Patagonia  has  been  greater  nearer 
the  Cordillera  than  near  the  Atlantic  (as  is  probable), 
then  these  angles  are  now  all  too  large.  I  must  repeat, 
that  although  the  foregoing  measurements,  which  were 
all  carefully  taken  with  the  barometer,  may  not  be 
absolutely  correct,  they  cannot  be  widely  erroneous. 

Southward  of  the  S.  Cruz,  the  clifl's  of  the  840  feet 
plain  extend  to  Coy  Inlet,  and,  owing  to  the  naked 
patches  of  the  white  sediment,  they  are  said  on  the 
charts  to  be  '  like  the  coast  of  Kent.'  At  Coy  Iniet 
the  high  plain  trends  inland,  leaving  flat-topped  outliers. 
At  Port  Gallegos  (lat.  51"  35',  and  ninety  miles  south 
■  *  Ufanoim  pour  >;rvlr,'  &O4  pp.  ITS  and  21T. 
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of  S.  Cruz),  I  am  infonned  by  Captaio  SuHvan,  R.N., 
that  there  is  a  gravel-capped  plain  from  200  to  300  feet 
in  height,  formed  of  numeroas  strata,  some  fine-graiaed 
and  pale-coloared,  like  the  npper  beds  at  the  month  of 
the  S.  Cruz,  others  rather  darker  and  coarser,  so  as  to 
resemble  gritBtones  or  taSs ;  these  latter  include  rather 
lar^  fragmonts  of  apparently  decomposed  volcanio 
rocks  ;  there  are,  also,  included  layers  of  gravel.  This 
formation  is  highly  remarkable,  from  abounding  with 
mammifcrans  remains,  which  hare  not  as  yet  been 
examined  by  Professor  Owen,  but  which  include  some 
large,  but  mostly  small,  species  of  Pachyderraata, 
Edentata,  and  Rodentia.  From  the  appearance  of  the 
pale-coloured,  fine-grained  beds,  I  was  inclined  to 
believe  that  they  corresponded  with  the  upper  beds  of 
the  S.  Crnz;  but  Professor  Ehrenberg,  who  has  examined 
some  of  the  specimens,  informs  me  that  the  included 
microscopical  organisms  are  wholly  different,  being 
fresh  and  brackish  water  forms.  Hence  the  200  to 
300  feet  plain  at  Port  Gallegos  is  of  unknown  age,  but 
probably  of  subsequent  origin  to  the  great  Patagonian 
tertiary  formation. 

Eastern  Tierra  del  Fuego. — Judging  from  the 
height,  the  general  appearance,  and  the  whit©  colour 
of  the  patches  visible  on  the  hill  sides,  the  uppermost 
plain,  both  ou  the  north  and  western  side  of  the  Strait 
of  Magellan,  and  along  the  eastern  coast  of  Tierra  del 
Fuego  as  far  sooth  as  near  Port  St.  Polycarp,  probably 
belongs  to  the  great  Patagonian  tertiary  formation. 
These  higher  table-ranges  are  fringed  by  low,  irregular, 
extensive  plains,  belonging  to  the  boulder  formation,'' 
and  composed  of  coarse  unstratiRcd  masses,  sometimes 
associated  (as  north  of  C.  Virgin's)  with  fine,  laminated, 
muddy  sandstones.      The  cliffs  in  Sebastian  Bay  ore 

■  Described  in  the  '  Geological  TnuwacCiona,'  Tol.  TJ.  p.  410. 
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200  feet  in,  height,  and  are  composed  of  fine  sandstones, 
often  in  curvilinear  layers,  including  hard  concretions 
of  calcareous  sandstone,  and  layers  of  gravel.  In  these 
beds  there  are  fragments  of  wood,  legs  of  crabs,  barnaclea 
encrusted  with  corallines  still  partially  refaining  their 
colour,  imperfect  fragmenta  of  a  Pholaa  distinct  from 
liny  known  species,  and  of  a  Venus,  approaching  very 
closely  to,  bat  slightly  different  in  form  from,  the 
Y.  Unticalwris,  a  species  living  on  the  coast  of  Chile. 
Ijoavee'  of  trees  are  numerous  between  the  lamina;  of 
the  muddy  sandstone  ;  they  belong,  as  I  am  informed 
by  Dr.  J.  D.  Hooker,'  to  three  species  of  deciduona 
beech,  different  from  the  two  species  which  compose 
the  great  proportion  of  trees  in  this  forest-clad  land. 
Fnitn  (lif^f  i'M-fA  it  is  dillicnlt  to  conjecture,  whether 
we  here  see  the  basal  part  of  the  great  Patagonian 
formation,  or  some  later  deposit. 

Summary  on  the  Patagonian  Tertiary  FoTTTiatioit. 
—Four  out  of  the  seven  fossil  shells,  from  St.  F6  in 
Entre  Rios,  ware  fonnd  by  M.  d'Orbigny  in  the  sand- 
stone of  the  Rio  Negrva,  and  by  me  at  San  Josef,  Three 
out  of  the  six  from  San  Josef  are  identical  with  those 
from  Port  Desire  and  S.  Julian,  which  two  places  have 
together  fifteen  species,  out  of  which  three  are  common 
to  both.  Santa  Crnz  has  seventeen  species,  out  of 
which  five  are  common  to  Port  Desire  and  S.  Jnlian. 
Considering  the  difference  in  latitude  between  these 
Beveral  places,  and  the  small  numberof  species  altogether 
collected,  namely  thirty-six,  I  conceive  the  above  prt^ 
portioual  number  of  species  in  conimon,  is  sufficient  to 
eliow  that  the  lower  fossiliferous  mass  belongs  near'y, 
I  do  not  say  absolutely,  to  the  same  epoch.  What  this 
epoch  may  be,  compared  with  the  European  tertiary 
stages,  M.  d'Orbigny  will  not  pretend  to  determine, 
■'BotsD^otthe  AnUrctic  Vo;aee,'p.  213. 
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Tlie  thirty-six  speciea  (including  those  collected  by 
myself  and  by  M,  d'Orbigny)  are  all  extinct,  or  at  least 
unknown ;  but  it  should  be  boroe  in  mind,  that  the 
present  coast  consists  of  'shingle,  and  that  no  one,  I 
believe,  has  dredged  here  for  shells;  hence  it  is  not 
improbable  that  some  of  the  species  may  hereader  be 
foond  liWng.  Some  few  of  the  species  are  closely  related 
with  existing  ones ;  this  is  especially  the  case,  according 
to  M.  d'Orbigny  and  Mr.  Sowerby,  with  the  Fusm 
Patagonicu3 ;  and,  according  to  Mr.  Sowerby,  with 
the  Pi/rula,  the  Venm  meridionalU,  the  Crepidula 
gregaria,  and  the  ThirrUeUa  ambtdoA^ram,  and  T. 
Patagonica.  At  least  three  of  the  genera,  namely, 
CacullEca,  Crassatelta,  and  (as  determined  by  Mr. 
Sowerby)  Struthiolaria,  are  not  found  in  this  quarter 
of  the  world  ;  and  Trigonocelia  is  extinct.  The  evidence 
taken  altogether  indicates  that  this  great  tertiary 
formation  is  of  considerable  antiquity ;  bnt  when  treat- 
ing of  the  Chilian  beds,  I  shall  have  to  refer  again  to 
this  subject. 

The  white  puraiceous  mudstone,  with  its  abundant 
gypsum,  belongs  to  the  same  general  epoch  with  the 
nnderlyinir  foasiliierous  mass,  as  may  be  inferred  from 
the  shells  iocludRd  in  the  intercalated  layers  at  Neuvo 
Gulf,  S.  Julian,  and  S.  Craz.  Out  of  the  twenty-seven 
marine  microscopic  structures  found  by  Prof.  Bhrenberg 
in  the  specimens  from  S.  Julian  and  Port  Desire,  ten 
are  common  to  these  two  places:  the  three  found  at 
Neuvo  Gulf  are  distinct.  I  have  minutely  described 
this  deposit,  from  its  remarkable  characters  and  its 
wide  extension.  From  Coy  Inlet  to  Port  Desire,  a  dis- 
tance of  230  miles,  it  is  certainly  continuous;  and  I 
have  reason  to  believe  that  it  likewise  extends  to  the 
Bio  Chnpat,  Neuvo  Gulf  and  San  Josef,  a  distance  of 
570  miles  :  we  have,  also,  seen  that  a  single  layeroccnrs 
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at  the  Rio  Negro,  At  Port  S,  Julian  it  is  from  800  to 
900  feet  in  thickness ;  and  at  S.  Cruz  it  extiiuds,  with 
a  slightly  ulW red  character,  up  to  the  Cordillera,     From 

I  its  microscopic  structure,  and  from  its  analogy  with 
(^er  formation B  In  volcanic  districts,  it  must  be  coa- 
ddend  m  originslly  of  Toloanio  odgin :  it  may  have 
been  fOTmed  1^  the  loDg-conti&ned  attritioa  *&  Ta»t 
qoaatitiee  of  pnmioa,  or,  judging  from  the  maimer  in 
whii^  the  mass  beoomes,  in  aeoending  the  valley  of  S. 
Orgs,  divided  into  Tarionaly  colonied  layers,  from  the 
kng-oontinoed  eniption  (tf  doads  of  fine  ashes.  In 
either  case,  we  most  conolade,  that  the  sotithoni  volcanie 
orifices  of  the  CordiUos,  now  in  a  doimant  state,  were 
•t  aboat  this  period  over  a  wide  apace,  and  for  a  great 
length  of  Ume,  in  action.  We  have  evidence  of  this 
fact,  in  the  latitude  of  the  Kio  Negro  in  the  saadstone- 
coDglomerate  with  pumice,  and  demonstrative  proof  of 
it,  at  S.  Cruz,  in  the  vast  deluges  of  basaltic  lava:  at 
this  same  tertiary  period,  also,  there  is  distinct  evidence 
of  volcanic  action  in  Western  Banda  Oriental. 

The  Patagonian  tertiary  formation  extends  contina- 
onsly,  judging  from  fossils  alone,  from  S.  Cruz  to 
near  the  Rio  Colorado,  a  distance  of  above  600  miles, 
and  reappears  over  a  wide  area  in  Eutre  Rio3  and  Banda 
Oriental,  making  a  total  distance  of  1,100  miles;  but 
this  formation  undoubtedly  extends  (though  no  fossils 
were  collected)  far  south  of  the  S.  Cruz,  and,  accord- 
ing to  M.  d'Orbigny,  120  miles  north  of  St.  F6.  At 
8.  Cruz  we  have  seen  that  it  extends  across  the  con- 
tinent ;  being  on  the  coast  about  800  feet  in  thickness 
(and  rather  more  at  S.  Julian),  and  rising  with  the 
contemporaneous  lava-streams  to  a  height  of  about 
8,000  feet  at  the  base  of  the  Cordillera.  It  rests, 
wherever  any  underlying  formation  can  be  seen,  on 
plntonic  and  metamorphic  rocks.     Including  the  newer 
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Patnpean  deposit,  and  those  strata  ia  eastern  Tiaira  del 
Tuego  of  doubtful  age,  as  well  as  the  boulder  formation, 
wh  have  a  line  of  more  than  twenty-seren  degrees  of 
latitude,  equal  to  that  from  the  Straits  of  Gibraltar  to 
the  south  of  Iceland,  coutinuonsly  composed  of  tertiary 
formations.  Throughout  this  great'  space  the  land  has 
been  upraised,  withont  the  strata  having  been  ia  a 
single  instance,  as  far  as  my  meansof  observation  went, 
nnequally  tilted  or  dislocated  by  a  fault. 


Tftrtia-nj  FormaMons  on  the  Weat  Ootut. 

Chonot  Archipelago. — The  numerous  islands  of  this 
group,  with  the  exception  of  Lemne,  Ypan,  consist 
of  mctamorphic  schists ;  these  two  islands  are  formed  of 
Boflish  grey  and  brown,  fusible,  often  laminated  sand- 
stones, containing  a  few  pebbles,  fragments  of  black 
lignite,  and  numerous  mnmmillated  concretions  of  hard 
calcareous  sandstone.  Out  of  these  concretions  at  Tpun 
(lat.  40°  30'  S.),  I  extracted  the  four  following  extinct 
species  of  sheila  : — 

1.  Tunitclla  auiaralic, G.  B,  Romerby,  H.  III.  f.  60  (also Nayidad). 

2.  Sigaretus  subylul)iiB-B,  do.  Pi.  III.  f.  3G,  37,  (do.) 

8.  C>'tliera;a  (?)  Bulculo^a  C0>  (lO'   ^^-   't-  <•   1^  (also  Chiloe  and 

Hiiafo  7). 
4.  Voluia,  friignienta  of. 

In  the  northern  parts  of  this  group  there  are  some 
cliffs  of  gravel  and  of  the  boulder  formation.  In  the 
southern  part  (at  P.  Andres  in  Tres  Montes),  there  is 
a  volcanic  formation,  probably  of  tertiary  origin.  The 
lavas  attain  a  thickness  ot  from  200  to  300  feet ;  they 
are  extremely  variable  in  colour  and  nature,  being 
compact,  or  brecciated,  or  cellular,  or  amygdaloidal 
with  zeolite,  agate  and  bole,  or  porphyritic  with  glassy 
albitic  feldspar.     There  is  also  much  imperfect  mbbly 
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pitchstooe,  with  tie  intersticea  charged  witli  powdery 
carbonate  of  lime  apparently  of  contemporaneous  origu\. 
Tbeaa  lavas  are  conformably  associateJ  with  strat-a  of 
breccia  and  of  brown  tuff  containing  lignite.  The 
whole  mass  haa  been  broken  up  and  tilted  nt  an  angle 
of  4S^,  by  a  aeries  fJL  great  Tolconio  dikes,  oue  of  wbudi 
was  thirty  yaida  in  breadth.  Tim  rolcanio  fimnatun  . 
'  naembleB  one,  presently  to  be  deeoribed,  in  Chiloe. 

Svtajo.- — T^iis  islaad  lies  between  the  Chonos  an^ 
Ohiloe  groopa:  it  is  abont  800  feet  high,  and  perhaps 
has  a  naoleoB  of  metamorphio  rocks.  The  strata  vhidi 
I  ezamitied  consisted  of  fine-grained  mnddy  Bandstonee, 
with  &agment«  of  lignite  and  concretionB  of  calcareons 
sandstone.  I  collected  the  following  extinct  shells,  of 
which  the  Tnrritella  was  in  great  nnmbers : — 

1.  Bulla  cosmopbilo,  Q.  B.  Sowrrbj,  PL  III.  f.  36. 

2.  PleurotomEi  subsqnaltB,  do.  PI.  17.  f.  52. 

8.  FDsns  cleryanofl,  d'Otbig.  '  Voj.  Pal."  PI.  XII.  t  6,  T  (also  st 

Coquimbo). 
t.  Triton  leDooBlomoideB,  O.  B.  Sowerbj,  PI.  IT.  f.  64. 
e.  TurrilelU  Chileusie,  do.  PL  IT.  f.  61  (also  Mocha). 

6.  Tenaa,  probably  a  distitct  species,  but  verj  jmperfecl. 

7.  Cjtberaa  <I)  snlonlosa  (J),  do.  PL  IL  f.  14. 

8.  Dentalium  majns,  G.  B.  Sowerby,  PL  II.  f.  8. 

CkUoe. — This  fine  island  is  abont  100  miles  in 
length.  The  entire  southern  part,  and  the  whole 
western  coast,  consists  of  mica-schiat,  which  likewise  ia 
seen  in  the  ravines  of  the  interior.  The  central  moun- 
tains rise  to  a  height  of  3,000  feet,  and  are  said  to  be 
partly  formed  of  granite  and  greenstone;  there  are 
two  small  volcanic  districta.  The  eastern  coast,  and 
large  parts  of  the  northern  extremity  of  the  island  are 
composed  of  gravel,  the  boulder  formation,  and  under- 
lying horizontal  strata.  The  latter  are  well  displayed 
for  twenty  miles  north  and  south  of  Castro ;  they  vary 
in  character  from  common  sandstone  to  fine-grained, 
laminated   mndstones :  all  the  specimens  which  I  ex> 
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amined  are  easily  fusible,  and  hoidc  of  the  beds  might 
be  called  volcanic  grit-stooes.  These  latter  strata  are 
perhaps  related  to  a  mass  of  colamnur  trachytd  which 
occurs  behind  Castro.  The  sandstone  occasionally  in- 
cludes pebbles,  and  many  fragments  and  layers  of  lignite ; 
of  the  latter,  some  are  apparently  formed  of  wood  and 
others  of  leaves :  one  layer  on  the  N.  W.  side  of  Lemuy 
is  nearly  two  feet  in  thickness.  There  is  also  much 
Bilicified  wood,  both  common  dicotyledon  on  s  and  coni- 
ferous :  a  section  of  one  specimen  in  the  direction  of  the 
medullary  rays  has,  as  I  am  informed  by  Mr.  R.  Brown, 
the  discs  in  a  double  row  placed  alternately,  and  not 
opposite  as  in  the  true  Araucarta.  I  found  marine 
remains  only  in  one  spot,  in  some  concretions  of  hard 
calcareous  sandstone :  in  several  other  districts  I  have 
observed  that  organic  remains  were  exclusively  confined 
to  such  concretions;  are  we  to  account  for  this  fact,  by 
the  supposition  that  the  shells  lived  only  at  these  points, 
or  is  it  not  more  probable  that  their  remains  were  pre- 
served only  where  concretions  were  formed?  The  shells 
here  are  in  a  bad  state,  they  consist  of : — 

1.  Telliniiles  (I|  oblonga.  O.  B.  Sowerby,  PI.  II.  L  \%  (a  solenelU 

in  M.  tt'Orbigiiv's  npinion). 
a.  Nalica  strii>).itii,  G.  It.  Soworbv,  PI.  III.  f.  30. 

3.  Xatiealf)  piimiU,  do.  PI.  HI.  f  38. 

4.  CytbL'nl'lLl,0:^LllculusA,lIo.  PI.  II.  f.  14(ulso  Tpunand  Buafof). 

At  the  northern  extremity  of  the  island,  near  S. 
Carlos,  there  is  a  largo  volcanic  formation,  between  500 
and  700  feet  in  thickness.  The  commonest  lava  is 
blaekiBJi-grey  or  brown,  either  vesicular,  or  amygda- 
loidal  with  calciireous  spar  and  bole :  most  even  of  the 
darkest  varieties  fuse  into  a  pale-coloured  glass.  The 
next  commonest  variety  is  a  rubbly,  rarely  well  charac- 
terised pitchstone  (fusing  into  a  white  glass)  which 
passes  in  the  most  irregular   manner  into  stony  gray 


iavaa.  This  pitclistone,  a8  well  as  some  purple  clay- 
stone  porphyry,  cert-ainly  flowed  in  the  form  of  streams. 
These  various  lavoa  often  pass,  at  a  considerable  depth 
from  the  surface,  in  the  most  abrupt  and  singular 
manner  into  wacke.  Great  masses  of  the  solid  rock  are 
brecciated,  and  it  was  generally  impossible  to  discover 
whether  the  recementing  process  had  been  an  igneous 
or  aqaeoua  action.'  The  beda  are  obscurely  separated 
from  each  other  ;  they  are  sometimes  parted  by  seams 
of  tuff  and  layers  of  pebbles.  In  one  place  they  rested 
on,  and  in  aoothpr  place  were  capped  by,  tuffa  and  grit- 
stones, apparently  of  sobmarine  origin. 

The  neighbouiing  peninsula  of  Lacuy  is  almost 
wholly  formed  of  tnfaceous  deposits,  connected  probably 
ia  their  origin  with  the  Tolcanic  bills  jnst  described. 
The  tni^  are  pale-col onred,  alternating  with  laminated 
mudstones  and  sandstones  (all  easily  fusible)  and  passing 
sometimes  into  fine  grained  white  beds  strikingly  re- 
sembling the  great  upper  infusorial  depositof  Patagonia, 
and  sometimes  into  brecciotas  with  pieces  of  pumice  la 
the  last  stage  of  decay ;  these  again  pass  into  ordinary 
coarse  breccias  and  conglomerates  of  hard  rocks.  With- 
in very  short  distances,  some  of  the  finer  tuffa  often 
passed  into  each  other  in  a  peculiar  manner,  namely, 
by  irregular  polygonal  concretions  of  one  variety  in- 
creasing so  much  and  so  suddenly  in  size,  that  the 
second  variety,  instead  of  any  longer  forming  the  entire 
mass,  was  left  merely  in  thin  veins  between  the  coocre- 

'  In  a  clia  o!  the  hardest  fragmentary  mass,  I  foand  several 
tortuons,  vertical  veins,  vnrjint^  in  tbLoknesii  from  a  few  leniliiiof  no 
inch  to  one  inch  and  a  halt,  ot  a  pnbalanne  which  I  have  not  aeen 
deticribed.  It  iaglossj,  and  or  a  brown  colour;  itiathiDly  laioinaled, 
with  the  laminiB  transparent  and  elastic;  it  is  a  little  hiirdei  than 
calcareous  spar;  it  ia  infusible  under  the  blowpipe,  sometimes  decre- 
pitates, gives  ont  watci,  cnrls  up,  blackens  and  becomes  magnetite 
Borax  easily  disBolves  a  considerable  qoantity  of  it,  and  gives  a 
glass  tinged  with  green.  I  have  no  idea  what  its  true  nature  ia, 
(hi  flrst  seeiDg  tt,  I  mistook  it  for  1i;[nite  I 


tioDa.     In  a  straight  line  of  cliffs,  at  Point  Tenny,  I 
examined  the  following  remarkable  section : — 

No.  35. 


On  the  left  hand,  the  lower  part  (A  A)  consists  of  regular, 
alternating  strata  of  brown  tuffs  and  greenish  laminated 
mudstone,  gently  inclined  to  the  right,  and  conformably 
covered  by  a  mass  (B  Ivfl)  of  a  white,  tufaceous  and 
brecciolated  deposit.  On  the  right  hand,  tlie  whole 
cliff  (BB  riijM}  coueisis  of  the  same  white  tufiiceous 
matter,  which  on  this  side  presents  scarcely  a  trace  of 
stratification,  but  to  the  left  becomes  very  gradually 
and  rather  indistinctly  divided  into  strata  quite  con- 
formable with  the  underlying  beds  (A  A) :  moreover,  a 
few  hundred  yards  farther  to  the  left,  where  the  surface 
has  been  less  denuded,  the  tufaceous  strata  (B  JejX)  are 
conformably  covered  by  another  set  of  strata,  like  tlie 
underlying  ones  (A  A)  of  this  section.  In  the  middle 
of  the  diagram,  the  beds  (A  A)  are  seen  to  be  abruptJv 
cut  off*,  and  to  abut  against  the  tafaceous  non-stratified 
mass;  but  the  line  of  junction  has  been  accidentally 
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not  iihhiiwiiImI  tteep  enoogli,  for  I  psrticnlarlf  oodced 
Oat  belbn  llw  beds  bad  beeo  tilted  to  th£  ri^t.  this 
Una  iBut  have  been  nearij'  v«rticaL  It  vgi^exn  tbat  » 
eairaui  of  waXes  cat  for  itself  a  derp  and  steep  sob- 
tnaiine  diannel,  sod  at  the  mne  tiine  or  af^ervords 
filled  it  ap  wilb  tbe  tnfaceooa  and  breoctoUlied  nucter, 
BDd  fpn-ad  tbe  same  over  tbe  aairoaodJog  sobdviDB 
beds;  tbe  matter  befnming  stratified  io  iheae  mars 
dutnt  and  Imb  trDDb)«d  parta,  and  being  moreover 
■allMeqiiMitly  covered  op  bf  other  Btrata  (like  A  A)  not 
ibotrn  in  tbe  diagram.  It  is  singular  that  tfare«  of  the 
bedi  (of  A  A)  are  prolonged  in  their  proper  direction, 
as  repr€«eDt<rd,  bej-ood  tbe  line  of  jonctioii  inU)  tbe 
wbil«  tti&ceoa«  matter :  tbe  prolonged  portions  of  two 
f>f  the  l.-"ls  are  ro\io'li?d:  in  the  third,  the  terminal 
fragment  bas  been  poshed  npnards :  how  these  beda 
could  have  been  left  thns  prolonged,  I  will  not  pretend 
to  explain.  In  another  section  on  the  opposite  side  of 
a  proiQontory,  there  was  at  the  foot  of  this  same  line 
of  junction,  that  is  at  tbe  bottom  of  the  old  enbrnarine 
channel,  a  pile  of  fragmenta  of  the  strata  (A  Aj,  with 
their  interstices  tilted  np  with  the  white  tnfaceons 
matter:  this  is  exactly  what  mi^ht  have  been  antici* 
pated  nnder  BDch  circumstances. 

The  various  tufaceoos  and  other  beds  at  this  northern 
end  of  Chiloe  probably  belong  to  about  the  same  age 
with  those  near  Castro,  and  tliey  contain,  as  there,  many 
fragments  of  black  lignite  and  of  silicified  and  pyritous 
wood,  often  embedded  close  together.  They  also  con- 
tain many  and  singular  concretions:  some  are  of  hard 
calcareous  sandstone,  in  which  it  would  appear  that 
broken  volcanic  crystals  and  scales  of  mica  have  been 
better  preserved  (as  in  the  case  of  the  organic  remains 
near  Castro)  than  in  the  surrounding  mass.  Other 
coocretions  in  tbe  white  brecciola,  are  of  a  Lard  fer- 
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mginons,  yet  fasible,  nature;  they  are  as  round  aa 
cannon-balls,  and  vary  from  two  or  three  inches  to  two 

feet  in  diameter;  their  insidea  generally  consist  either 
of  fine,  scarcely  coherent  volcanic  sand,'  or  of  an  argil- 
hu^OQB  tuff;  in  this  latter  case,  the  external  crust  was 
quite  thin  and  hard.  Some  of  the  spherical  balls  were 
encircled,  in  the  line  of  their  equators,  by  a  uecklace- 
like  row  of  smaller  concretions.  Again  there  were  other 
concretions,  Irregularly  formed,  and  composed  of  a  hard, 
compact,  ash-coloured  stone,  with  an  almost  porcelain- 
ous  fracture,  adhesive  to  the  tongue,  and  without  any 
calcareous  matter.  These  beds  are,  also,  interlaced  by 
many  veins,  containing  gypsum,  ferruginous  matter, 
calcareous  spar,  and  agate.  It  was  here  seen  with  re- 
markable distinctness,  how  intimately  concretionary 
action  and  the  production  of  fissures  and  veins  are  re- 
lated together.     The  following  diagram  is  an  accurate 


representation  of  a  horizontal  space  of  tuif,  about  four 
The  (reqoent  wndencj  in  iron  to  form  bollow  concretions  or  shell 


feet  long  by  two  and  a  half  in  widtJi:  the  double  lines 
represent  the  fissures  partially  filled  with  oxide  of  iron 
and  i^itte  :  the  corvilinear  lines  show  the  course  of  the 
innumerable,  concentric,  concretionary  zones  of  different 
shades  of  colour  and  of  coarseness  in  the  particles  of 
tuff.  The  symmetry  and  complexity  of  the  arrangement 
gave .  the  surface  an  elegant  appearance.  It  may  be 
seen  how  obviously  the  fissures  determine  (or  have  been 
determined  by)  the  shape,  sometimes  of  the  whole  con- 
cretion, and  sometimes  only  of  its  centra!  parts.  The 
fissnres  also  detertniae  the  corvaturea  of  the  long  undu- 
lating zones  of  concretionary  action.  From  the  varying 
composition  of  the  veins  and  ooucretiona,  the  amount 
of  chemical  action  which  the  mass  has  undergone  ia 
surprisingly  grrat ;  and  it  would  liki?wi^e  appear  from 
the  difference  in  siao  in  the  particles  of  the  concretionary 
zones,  that  the  mass,  also,  has  been  subjected  to  internal 
mechanical  movements. 

In  the  peninsula  of  Lacuy,  the  strata  over  a  width 
of  four  miles  have  been  upheaved  by  three  distinct,  and 
some  other  indistinct,  lines  of  elevation,  ranging  with- 
in a  point  of  north  and  south.  One  line,  about  200 
feet  in  height,  is  regularly  anticlinal,  with  the  strata 
dipping  away  on  both  sides,  at  an  angle  of  15",  from  a 
central  '  valley  of  elevation,'  about  300  yards  in  width. 
A  second  narrow  steep  ridge,  only  sixty  feet  high,  la 
uniclinal,  the  strata  throughout  dipping  westward; 
those  on  both  flanks  being  inclined  at  an  angle  of  from 
ten  to  fifteen  degrees ;  whilst  those  on  the  ridge  dip  in 
the  same  direction  at  an  angle  of  between  thirty  and 
forty  degrees.  This  ridge,  triced  northwards,  dies  away  j 
and  the  beds  at  its  terminal  point,  instead  of  dipping 
westward,  are   inclined    12*^  to  the   north.     This  cose 
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interested  me,  &s  being  the  first  in  which  I  foand  io 
South  America,  farmationB  perhaps  of  tertiary  origin, 
broten  by  lines  of  elevation. 

YaiAvmai  Isla-nd  of  Moeha.—The  formations  of 
Chiloe  seem  to  extend  with  nearly  the  same  character 
to  Taldivia,  and  for  some  leagnes  northward  of  it:  the 
nnderlying  rocks  are  micaceous  schists,  and  are  covered 
up  with  sandatoneand  other  sedimentary  beds,  including, 
as  I  was  assured,  in  many  places  layers  of  lignite.  I 
did  not  land  on  Mocha  (lat.  38°  20'),  but  Mr.  Stokes 
brought  me  specimens  of  the  gray,  fine-grained,  slightly 
calcareous  sandstone,  precisely  like  that  of  Huafo,  cod- 
taining  lignite  and  numerous  TurritellsB.  The  island  is 
flat  topped,  1,240  feet  in  height,  and  appears  like  an 
outlier  of  the  sedimentary  beds  on  the  mainland.  The 
few  shells  collected  consist  of: — 

1.  TomtPllaChilensiB,  Q.  S.  Sow-rbj.  n.  IV.  f.  El  (alao  at  Hoafo). 
a.  Fusus,  very  injperti'ct.  pomcwtia'  rwcmblinff  P.  subreQeius  o( 

Navid;id  (I'l.  IV,  f,  67),  but  ptotablj  dillerent. 
3.  VenuB,  fnigaieiit*  of. 

Concepcion. — Sailing  northward  from  Valdivia,  the 
coast-cliffs  are  seen,  first  to  assume  near  the  R.  Tolten, 
and  thence  for  150  miles  northward,  to  be  continued 
with  the  same  mineralogicat  characters,  immediately  to 
be  described  at  Concepcion.  I  hcaid  in  many  places 
of  bed  sof  lignite,  some  of  it  fine  and  glossy,  and  likewise 
of  silicified  wood ;  near  the  Tolten  the  cliffs  are  low, 
but  they  soon  rise  in  height ;  and  the  horizontal  strata 
are  prolonged,  with  a  nearly  level  surface,  until  coming 
to  a  more  lofty  tract  between  points  Rumena  and 
Lovapie.  Here  tlie  Ixda  have  been  broken  op  by  at 
least  eight  or  nine  pitrallel  lines  of  elevation,  ranging 
E.  or  ENE.,  and  W.  or  WSW.  These  lines  can  be 
followed  with  the  eye  many  miles  into  the  interior ; 
they  are  all  uniclinal,  the  strata  in  each  dipping  to  a 
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(loiut  befrweea  S.  and  SSE.  with  an  inclination  in 
the  central  lines  of  about  forty  degrees,  and  in  the 
outer  ones  of  under  twenty  degrees,  Tbia  band  of 
Bymmetricatly  troubled  coantry  ia  about  eight  miles  in 
width. 

The  island  of  Qairiquina,  in  the  Bay  of  Concepcion, 
ly  formed  of  various  Hoft  and  often  ferruginous  Band- 
atones,  with  bands  of  pebbles,  and  with  the  lower  strats 
Bometimes  passing  into  a  conglomerate  resting  on  tha 
underlying  motamorphic  schists.  These  beds  inclade 
aubordinate  layers  of  greenish  Impure  clay,  soft  uiicar- 
ceous  and  ciklcareoua  sandstones,  and  reddish  friable 
-  .earthy  matter  with  white  specks  like  decomposed  cryatola 
of  feldspar;  they  include,  also,  hard  concretions,  frag- 
ments of  shells,  lignite,  and  Kilicilied  wood.  In  the 
upper  part  they  pass  into  white,  soft  sedimenta  and 
brecciolas,  very  like  those  described  at  Chiloe ;  aa  in- 
deed is  the  whole  formation.  At  Lirguen  and  other 
places  on  the  eastern  side  of  the  bay,  there  are  good 
sections  of  the  lower  sandstones,  which  are  generally 
ferruginous,  but  which  vary  in  character,  and  even  pass 
into  an  argillaceous  nature;  they  contain  hard  concre- 
tiona,  fragments  of  lignite,  silicified  wood,  and  pebblea 
(of  the  same  rocks  with  the  pebbles  in  the  saudstones 
of  Qniriquina),  and  they  alternate  with  numerous,  often 
very  thin  layers  of  imperfect  coal,  generally  of  little 
specific  gravity.  The  main  bed  here  is  three  feet  thick; 
and  only  the  coal  of  this  one  bed  has  a  glossj  fracture. 
Another  iiTegular,  curvilinear  bed  of  brown,  compact 
lignite,  is  remarkable  for  being  included  in  a  masa  of 
roarse  gravel.  These  imperfect  coals,  when  placed  in  a 
heap,  ignite  spontaneously.  The  cliffs  on  this  side  of 
the  bay,  as  well  as  on  the  island  of  Qniriquina,  are 
capped  with  red  friable  earth,  which,  as  stated  in  the 
ninth  chapter,  is  of  recent  formation.     The  Btratific»> 
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tion  in  this  neigbbonrhood  is  generally  horizontal ;  but 
near  Ltrgnen  the  beds  dip  NW.  at  an  angle  of  23° ; 
near  Concepcion  they  are  also  inclined :  at  the  northern 
end  of  Quiriqnina  they  have  been  tilted  at  an  angle  of 
30°  and  at  the  southern  end  at  angles  varying  from  15° 
to  40° :  these  dislocations  must  have  taken  place  under 
the  sea. 

A  collection  of  shells,  &om  the  island  of  Quinquina, 
has  been  described  by  M.  d'Orbigny :  they  are  all  extinct, 
and  from  their  generic  character,  M.  d'Orbigny  inferred 
that  they  were  of  tertiary  origin :  they  consist  of; — 

1.  Boalaria  Chilensii,   d'Orbig. 

'  Vojage,  Part.  Pal.' 
9.  Natioa  Araucana,  do. 
3.  Nalica  australis,  do. 
(.  Fuaas  difGcilis,  do. 
G.  Pjrula  longirostra,  do. 
6.  Pieurotoma  Araucana,  do. 
1.  Caidinm  auca,  do. 

During  a  second  visit  of  the  Beagle  to  Concepcion, 
Mr.  Kent  collected  for  me  some  Bilicified  wood  and 
shells  out  of  the  concretions  in  the  sandstone  from  Tome, 
eitnated  a  short  distance  north  of  Lirgoen ;  they  consist 
of:— 


1.  Natica     ansfralis,      d'Oibig. 

'  Voyage,  Pal.' 

2.  Maclra  Araucana,  do. 

3.  Trigouia  Huoetiana.  do, 

4.  Pecteo,   fragiucots    of.    pro- 

bably two  species,  but  too 


imperfect   (or   description. 
S.  Baculiies  vagioa,  E.  Forbes, 

PI.  V.  f.  3. 
G.  Nautilus    d'OrbignjaQDS,  E. 

Forbes,  PL  V.  t.  1  (ft)   and 

1(b). 


Besides  these  shells,  Captain  Belcher'  found  here  an 
Ammonite,  nearly  three  feet  in  diameter,  and  bo  heavy 
that  he  could  not  bringit  away ;  fragments  are  deposited 
at  Haslar  Hospital:  he  also  found  the  silicified  vertebras 
of  some  veiy  large   animal.      From  the   Identity  in 

■ '  Zoology  of  CapL  Belcher's  Voyage,'  p.  163. 
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mineralogicsl  natare  of  Uie  rocks,  and  from  Captain 
Belcber'sminutedescriptionortbe coast  between  LirjjTien 
and  Tome,  the  fussiliferoua  concretions  at  this  latter 
place  certainly  belong  to  the  same  formatioci  with  the 
beds  examined  by  mvBelf  at  Lir^nen  ;  and  these  ag^iD 
•re  Budbubiedly  tbe  nr  if  ?  wi(^  lL^  Uiatia  of  Qiuriquiiuk; 
Bioi«OT«r,tlifl  time  first  <rf  the  shells  from  Tome,  tlioii^ 
•nodated  in  the  nuue  ooncr^onB  with  the  Bacnlit^ 
m  identic^  with  the  qieciiM  from  Qairiqaina.  Henos 
^  dw  MndabHWMul  Hgnitifennn  beda  in  this  neigh- 
bomhoodjKitaiiily  belong  to  the  unie  framation.  At 
though  the  generic  character  <£  the  Qniriqnina  fijonls 
natarall;  led  M.  d'Orbign;  to  oooceive  that  they  wen 
(rf  tertiarf  origin,  yet  aa  wfc  now  find  them  associated 
with  the  BaeulUei  vagi*M  and  with  an  Ammonite,  we 
must,  in  the  opinion  of  M.  d'Orbigny,  and  if  we  are 
gaidedby  the  analogy  of  the  Northern  Hemisphere,  rank 
them  in  the  Cretaceous  aystem.  Moreover,  the  BacidUes 
vagina,  which  is  in  a  tolerable  state  of  preservation, 
appears  to  Professor  E.  Forbes  certainly  to  be  identical 
with  a  species,  so  named  by  him,  from  Pondicherry  in 
India  ;  where  it  is  associated  with  Dumerons  decidedly 
cretaceous  species,  which  approach  most  nearly  to  Lower 
Greensand  or  Neocomian  forms:  this  fact,  coubidering 
the  vast  distance  between  Chile  and  India,  is  truly  sur- 
prising. Again,  the  NauHbia  dOrhignyanus,  as  far 
aa  itB  imperfect  state  allows  of  comparison,  resembles, 
as  I  am  ioformed  by  Professor  Forbes,  both  in  its  general 
form  and  in  that  of  its  chambers,  two  species  from  the 
Upper  Greensand.  It  may  be  added  that  every  one  of 
the  above-named  genera  from  Quiriquina,  which  have 
an  apparently  tertiary  character,  are  found  in  the  Pon- 
dicherry strata.  There  are,  however,  some  difficulties 
on  this  view  of  the  formations  at  Concepcion  being  cre- 
taceous, which  I  shall  aOierwards  allude  to ;  and  I  will 


CHAP.  in.  Navidad.  401 

here  only  state  that  the  OariHum  oaum  is  foand  also  at 
Coqnimbo,  the  beds  at  which  place,  there  can  be  no 
doubt,  are  tertiary, 

Navidad) — The  CoQcepcion  fca:matioa  extends  some 
distance  northward,  but  how  far  I  know  not ;  for  the 
nest  point  at  which  I  landed  was  at  Navidad,  160  miles 
north  of  Concepcion,  and  60  miles  south  of  Valpar^ao. 
The  cliCFs  here  are  about  800  feet  in  height;  they 
consist,  wherever  I  could  examine  them,  of  fine-grained, 
yellowish,  earthy  sandstones,  with  ferruginous  veins,  and 
with  coDcretions  of  hard  calcareous  sandstone.  In  one 
part,  there  were  many  pebbles  of  the  common  meta- 
morphio  porphyries  of  the  Cordillera:  and  near  the 
base  of  the  cliff,  I  observed  a  single  rounded  boulder  of 
greenstone,  nearly  a  yard  in  diameter.  I  traced  this 
sandstone  formation  beneath  the  superficial  covering  of 
gravel,  for  some  distance  inland :  the  strata  are  slightly 
inclined  from  the  sea  towards  the  Cordillera,  which 
apparently  has  been  caused  by  their  having  been  accu- 
mulated against  or  round,  outlying  masses  of  granite, 
of  which  some  points  project  near  the  coast.  The  sand- 
stone contains  fragments  of  wood,  either  in  the  state  of 
lignite  or  partially  silicified,  sharks'  teeth,  and  shells  in 
great  abundance,  both  high  np  and  low  down  the  sea- 
cliffs.  PectunculuB  and  Oliva  were  most  numerous  in 
individuals,  and  next  to  them  Turritella  and  Fusns.  I 
collected  in  a  shoi-t  time,  though  suffering  from  illness, 
theibllowing  thirty-one  species,  all  of  which  are  extinct, 
and  several  of  the  genera  do  not  now  range  (as  we  shall 
hereafter  show)  nearly  so  far  south : — 

1.  Gastriclmiii  reim,  Q.  B.  Sowecby,  Fl.  IV.  f.  68,  69. 

2.  Uonr .c;iT(i9.  fragmcDtB  of,  oonaidered  bj  U.  d'Orbignf  as  anew 
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B.  Volnta  Blla,  Q.  B.  8owerby,  PI.  IV.  f.  75  (constdered  by  \ 

d'Orbigny  as  <iiai  incr  from  the  V.  alia  of  S.  Crm). 
t.  Vnlnta  trip!iciit»,  O.  B.  Howerby,  PI.  IV.  t  7*. 
E.  OlivB  dimidiala,  do.  KI.  IV.  f.  7ti,  77. 
B.  Flcurotoma  discors,  do.  PI.  IV.  f.  64. 
7.  PlenroKtma  turt.inelloidea,  do.  PI.  17,  t.  63. 
B.  Kuaua  BobrefliuiQs,  do.  PI.  IV.  t  67. 
9.  KiisuB  pyrulifortuis,  do.  PI.  IV.  f.  Sfl. 
9.  Fu«us.  allied  to  F.  rpgnlariB,  PI.  IV.  f.  66  (oonxidered  b/  % 

d'Uibigny  as  s,  dieliDct  Hpeoles). 
1.  TurritcUa  Batonilia.  O.  B.  Sowerby,  PL  HI.  f.  50. 
I   Turritella  PutagonioB  (do.),  PI.  IH.  I.  48  (frngniBnta  of). 
S.  Trochoa  iBevis.  G.  B.  Sowerby,  PI  III.  f.  46,  47. 
1.  Trocbus   oollaris,  do.,   PL   HE.  f.   44,   46   (considered   \ff  % 

d'Orbigny  sb  the  yonog  of  Ihe  T.  Levis). 
5.  Cassis  moDiliSer,  G.  B.  Sowerby,  Pi.  IV,  t  66. 
J,  Pjnila  diBioiis,  do.,  K.  1 V.  f.  CI. 
r.  Triton  vecruculo*\ia,  do.,  PI.  IV.  f.  88. 
\.  SirarelnB  satelobosus,  O.  B.  SowiTby,  I 
}.  Nalicft  flolida,  do.,  PL  lU.  t.  40,  41  (it  i 

N.  aaUda  of  B.  Crut  is  the  same  apeoipi 
i.  Terebra  nndulifera,  O.  fl.  8owerby,  H.  IV.  f.  72,  73. 
1.  TfR-bra  cnslHLita,  do,,  PI  IV.  f.  70,  Tl. 
!.  Bulla  (fragiasnta  of). 
1.  DeDtalinm  gigaDteom,  do.,  FL  IL  f.  1. 
I.  Dentalium  sulcosum.  do.,  PL  II.  f.  2. 
i.  Corbis  (?)  liEvigata,  do.,  PI.  IL  f.  11. 
i.  Cardium  mnlliiadiatum,  do.,  PL  II.  f.  16, 
r.  Venua  meridiunalia,  do.,  PI.  II.  f.  13. 
I.  Pecluncnius  dispar,  (!)  Desh.  (coDBidered  by  M.  d'Orbigny  ai 

distinct  species). 
I,  30.   Cyihenea   and    Mactra,  fragment*  of  (considered  by 

d'Orbigny  as  new  species). 
:.  Peclen,  tragincnta  of. 


L  ni  f.  3a.  87. 

a  doubtful  whether  n 
with  this). 


Coquimbo. — For  more  than  200  miles  northward  of 
Navidad,  the  coast  consists  of  plutonic  and  metamorphic 
rocks,  with  the  exception  of  some  quite  ineignificant 
superficial  beds  of  recent  origin.  At  Tonguay,  twenty- 
five  miles  south  of  Coquimbo,  tertiarj  beds  recommence. 
I  have  already  minutely  described  in  the  ninth  chapter, 
the  step-formed  plains  of  Coquimbo,  and  the  npper 
calcareous  beds  (from  twenty  to  thirty  feet  in  thickness) 
containing  shells  of  recent  species,  but  in  different 
proportions  from  those  on  the  beach.  There  remains 
to  be  described  only  the   underlying   ancient  tertiaiy 


Coquimbo. 


403 


beds,  represented  in  the  following  diagram  (here  given 
again)  by  the  letters  F  and  E  : — 

No.  37. 

Bcctlon  of  tlia  TotUrr  FornuUon  at  OoqnImUlb 

Sur&oe  of  plalOi  »S  f«t  above  Mb 


S— Dnper  fernigliniiM  uii 
O  ud  D— OalanoDi  bedi 


leralotacs. 
oonoreUoDa  iDd  illlclflad  bono,  I  with  AxmQ  tbella,  all,  or 
LttoDft.  with  DDDuniiu  Balanl,      I     Dwljr  aU,  exUnot. 
vlUi  Tflooit  *>»»■      A— SCntifled  aaud  in  a  lavlnei  alio 


I  obtained  good  sections  of  bed  (F)  only  in  Herra- 
dnra  Bay :  it  consists  of  soil  whitish  Bandstone,  with 
fermginous  veins,  some  pebbles  of  granite,  and  concre- 
tionary layers  of  hard  calcareons  sandstone.  These 
concretions  are  remarkable  from  the  great  number  of 
large  stIiciGed  bonra,  apparently  of  cetaceous  animals, 
which  they  contain ;  and  likewise  of  a  shark's  teeth, 
closely  resembling  those  of  the  Carckartat  megcUodon. 
Shells  of  the  following  species,  of  which  the  gigantic 
Oyster  and  Pema  are  the  most  conspicnons,  are  nnme- 
rousiy  embedded  in  the  concretions : — 

1.  BuIIb  ambigua,  d'Orbig.  'Voyage  Pal.' 

2.  MonocerOB  Blainvillii,  do. 

3.  Csrdjam  nnca,  do. 

4.  Psnopiea  CoqiiimbennB,  do. 
6,  Pema  Oaudichaudi,  do. 

6.  Artemis  pandcroaa ;  Mr.  Soweibj  can  And  no  distingiiiahJDg 

character  betncen  this  fowil  and  tbe  recent  A.  ponderoaa ;  it 
19  certainly  an  Artemia,  as  shown  bj  tbe  pallial  iiiif«^8sion. 

7.  Ostrea  Palagonica  (T)  Mr.  Sowerby  can  point  ont  no  distill- 

gaishing  character  between  this  species  and  that  BOeminentlj 
characteristic  of  the  great  Patagonian  formation ;  lint  ha  wili 
not  pretend  Ui  aftirm  that  they  are  ideuticaL 

8.  Fragments  of  a  Venus  and  Natloa. 

The  cliffs  on  one  side  of  Herradara  Bay  are  capped 
by  a  mass  of  stratified  shingle,  containing  a  little  calca- 
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reous  matter,  and  I  did  not  doubt  that  it  belonged  to 
tlie  6ame  recent  formation  with  the  gravel  on  the  sur- 
rounding plains,  also  cemented  by  calcareous  matter, 
until  to  my  surprise,  I  found  in  the  midst  of  it,  a  single 
thin  Ifljeralmost  entirely  composed  of  the  above  gigantic 

At  alittledistance  inland,  I  obtained  several  sections 
of  the  bed  (E),  which,  though  different  in  appearance 
from  the  lower  bed  (F),  belongs  to  the  same  formation : 
it  consists  of  a  highly  ferruginous  sandy  mass,  almost 
composed,  like  the  lowest  bed  at  Port  S.  Julian,  of 
frt^Tuenta  of  BalanidBB ;  it  inclades  some  pebbles,  and 
layers  of  yellowish -brown  mudstone.  The  embedded 
ehells  conBist  of: — 

1.  Monoceros  PlninviUii,  d'Otblg.  'Voyage  Pal.' 

2.  —  arabiKniiB.  G.  B,  Sowerbj,  PL  IV.  f,  C6,  67. 

3.  AijoraiR  altonuKjB,  do.,  PI.  II.  f.  25. 
*,  Pecten  rndiB,  do.,  PI.  III.  f.  32. 

G.  Penuk  Qandiohandi,  d'Orbigf. '  Voyage  PaL' 

6.  Oatna  Patsfonica  (T)      do. 

7.  Ostrea,  atnEdl  Bpecies,  In  Imperfect  state ;  It  appeared  to  m« 

like  a  emtUI  kind  non  living  in,  bat  very  lare  in  the  bay. 

8.  Hytilus  ChilofiiBis ;  Mr,  Sowerby  can  lind  no  distiDgutshiiig 

character  between  thia  fossil,  as  far  as  ila  not  very  peifeot 
condition  allows  of  compariBOti,  and  the  recent  speciss. 

9.  Baloaoa  Coqaimbensis,  Q.  B.  Sowerby.  PI.  II.  f.  7. 

10.  Balanns  psitiacnsT  King.  This  appears  to  Mr.  Sowerhy  and 
myself  identical  with  a  very  large  and  common  species  now 
living  on  the  coa^t. 

The  uppermost  layers  of  this  fermgino- sandy  mass 
are  conformably  covered  by,  and  impregnated  to  the 
depth  of  several  inches  witi,  the  calcareons  matter  of 
the  bed  (D)  called  iosai  hence  I  at  one  time  imaged 
that  there  was  a  gradual  passage  between  them ;  but  aa 
all  the  species  are  recent  in  the  bed  (D),  whilst  the 
most  characteristic  Bhells  of  the  uppermost  layers  of  (E) 
are  the  extinct  Pema,  Pecten,  and  Monoceros,  I  agree 
with  M.  d'Orbigny,  that  this  view  is  erroneons,  and  that 
there  is  only  a  mineralogical  passage  between  them, 


CHAP.  HI.  Coquimbo  to  Copiapo.  405 

and  no  gradual  transition  in  the  nature  of  their  organic 
remaioB.  Besides  the  fourteen  species  ennmerated  from 
these  two  lower  beds,  M.  d'Orbigny  has  described  ten 
other  species  given  to  him  from  this  locality ;  namely, 


1.  Fnsos     Cleryanus,     d'Otbig. 

'  Voji^  Pal.' 

2.  pcCitianos,        do. 

3.  Yetma  banutiana,     do. 

i.  incerta  (?)        Ao. 

6.  Clerj'iuia,  do. 


6.  Tenua     peiitiaus,    d'Orbig, 

'  Voyage  PaL' 

7.  Cbilenaig,  do, 

8.  SolecartQs  haDetianna,  do. 

9.  Mactra  auco,  do. 
10.  Oliva  Serena,  do. 


OF  these  twenty-fonr  shells,  all  are  extinct,  except, 
according  to  Mr.  Sowerby,  the  Artemis  ponderosa, 
Mylilvs  ChUoerme,  and  probably  the  great  Balanns. 

Coquimbo  to  Oopiapo. — A  few  miles  north  of  Co- 
quimbo, I  met  with  the  ferraginoas,  balaniferous  mass 
(E)  with  many  silicified  bones;  I  was  informed  that 
these  atlicified  bones  occnr  also  at  Tongnay,  south  of 
Coquimbo :  their  number  is  certainly  remarkable,  and 
they  seem  to  take  the  place  of  the  silicified  wood,  so 
common  on  the  coast- formations  of  southern  Chile.  In 
the  Yolley  of  Chaneral,  I  again  saw  this  same  formation, 
capped  with  the  recent  calcareous  beds.  I  here  left 
the  coast,  and  did  not  see  any  more  of  the  tertiary 
formations,  until  descending  to  the  sea  at  Copiapo : 
here  in  one  place  I  found  variously  coloured  layers  of 
Band  and  soft  sandstone,  with  seams  of  gypsum,  and  in 
another  place,  a  coniminnted  shelly  mass,  with  layers 
of  rotten-stone  and  seams  of  gypsum,  includiag  many 
of  the  extinct  gigantic  oyster :  beds  with  these  oysters 
are  said  to  occur  at  English  Harbor,  a  f^w  miles  north 
of  Copiapo. 

Coast  of  Peru. — With  the  exception  of  deposits 
containing  recent  shells  and  of  quite  insignificant 
diioensions,  no  tertiary  formations  have  been  observed 
OP  this  coa'jt,  for  n  space  of  bwenty-two  degrees  of  lati- 
tnde  uortb  of  Copiapo,  until  coming  to  Payta,  wlien 
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there  is  eaid  to  bo  a  considerable  calcareous  deposit :  a 
few  fossils  have  been  described  by  M.  d'Orbigny  from  J 
tliis  pJnce,  namely  : — 

1.  Bostellarin  GaailioliaQdi,  d'Orbig. '  Voyage  PnL* 

2.  PeotiiQcalus  Psjtensiii,  do. 
8.  Venos  pctitiana,  do. 
I.  Ostrea  Patag:omoa  I    ThU  great  nystel  (nf  which  I, 

have  hoiia  given  me)  cannot  be  dbi  iii^i^hcd  bj  Mr.  Sowerby 
from  Bome  of  iho  varieiies  fraru  ParBgonia  ;  thongli  It  woald 
be  haiardnas  lo  afscTt  it  is  the  aame  nlLh  that  epMiea,  or  ^ 
with  that  from  Coquimbo. 

Oonduding  Remarks. — The  formattons  described  ' 
in  tliifi  chapter,  have,  in  the  case  of  Chi loe  and  probably  ' 
in  t!iat  of  Concepcion  and  Navidad,  apparently  been 
accHinulated  in  troughs  formed  by  sabniarine  ridges  - 
exttiucling'  pnrnllel  to  the  ancient  shores  of  tlie  continent ; 
in  the  case  of  the  islands  of  Mocha  and  Hnafo  it  ie 
highly  probable,  and  in  that  of  Ypun  and  Lemus  almost 
certain,  that  they  were  accumulated  round  isolated 
rocky  centres  or  UDclei,  in  the  same  manner  as  mud 
and  sand  is  now  collecting  round  the  outlying  islets 
and  reefs  in  the  West  Indian  archipelago.  Hence,  I 
may  remark,  it  does  not  follow  that  the  outlying  ter- 
tiary masses  of  Mocha  and  Huafo  were  ever  continuously 
united  at  the  same  level  with  the  formations  on  the 
mainland,  though  they  may  have  been  of  contempora- 
neous origin,  and  been  subsequently  upraised  to  the 
same  height.  In  the  more  northern  parts  of  Chile,  the 
tertiary  strata  seem  to  have  been  separately  accumu- 
lated in  bays,  ncfW  forming  the  mouths  of  valleys. 

The  relntion  between  these  several  deposits  on  the 
shores  of  the  Pacific,  is  not  nearly  so  clear  as  in  the 
case  of  the  tertiary  formations  on  the  Atlantic.  Judging 
from  the  form  and  height  of  the  land  (evidence  which 
I  feel  sure  is  here  much  more  trustworthy  than  it  can 
be  iu  such  broken  continents  as  that  of  Europe),  from 
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the  identity  of  mineralogical  composition,  from  the 
presence  of  fragments  of  lignite  and  of  silicified  wood, 
and  from  the  intercalated  layers  of  imperfect  coal,  I 
must  believe  that  the  coast-formations  from  central 
Ghiloe  to  Concepcion,  a  distance  of  400  miles,  are  of 
the  same  age :  from  nearly  similar  reasons,  I  suspect 
that  the  beds  of  Mocha,  Huafo,  and  Ypun,  belong  also 
to  the  same  period.  The  commonest  shell  in  Mocha 
and  Huafo  is  the  same  species  of  Turritella ;  and  I 
believe  the  same  Cytheraea  is  found  on  the  islands  of 
Huafo,  Chiloe,  and  Ypun ;  but  with  these  trifling  ex- 
ceptions, the  few  organic  remains  found  at  these  places 
are  distinct.  The  numerous  shells  from  Navidad,  with 
the  exception  of  two,  namely,  the  Sigaretus  and  Tur- 
ritella found  at  Ypun,  are  likewise  distinct  from  those 
found  in  any  other  part  of  this  coast.  Coquimbo  has 
Cardium  auca  in  common  with  Concepcion,  and  Fvsua 
Gleryanus  with  Huafo ;  I  may  add,  that  Coquimbo  has 
Venus  petitiana,  and  a  gigantic  oyster  (said  by 
M.  d'Orbigny  also  to  be  found  a  little  south  of  Concep- 
cion) in  common  with  Payta,  though  this  latter  place 
is  situated  twenty-two  degrees  northward  of  lat.  27^,  to 
which  point  the  Coquimbo  formation  extends. 

From  these  facts,  and  from  the  generic  resemblance 
of  the  fossils  from  the  different  localities,  I  cannot  avoid 
the  suspicion  that  they  all  belong  to  nearly  the  same 
epoch,  which  epoch,  as  we  shall  immediately  see,  must 
bo  a  very  ancient  tertiary  one.  But  as  the  Baculite, 
especially  considering  its  apparent  identity  with  the 
Cretaceous  Pondicherry  species,  and  the  presence  of  an 
Ammonite,  and  the  resemblance  of  the  Nautilus  to  two 
upper  greensaud  species,  together  afford  very  strong 
evidence  that  the  formation  at  Concepcion  is  a  Secondary 
one  ;  I  will,  in  my  remarks  on  the  fossils  from  the  other 
localities,  put  on  one  side  those  from  Concepcion  and 
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from  Eastern  Chiloe,  which,  whatever  their  age  may  Le, 
appear  to  rae  to  belong  to  one  group.  I  must,  however, 
ftgain  call  attontioa  to  the  fact  that  the  Cardium  auea 
is  found  both  at  Concepcion  and  in  the  nndoobtedly 
tertiary  strata  of  Coquimbo:  nor  should  the  possibility 
be  overlooked,  that  as  Tngonia,  tlioiigh  known  in  tha 
Northern  Hemisphere  only  as  a  Secondary  genus,  haa 
living  rcpresentativeB  in  the  Australian  seas,  so  a  Bacu- 
lite,  Ammonite,  and  'IVigonia  may  have  survived  in  this 
remote  part  of  the  Southern  Ocean  to  a  somewhat  lat«r 
period  than  to  the  north  of  the  equator. 

Before  passing  in  review  the  fossils  from  the  other 
localities,  there  are  two  points,  with  respect  to  the  for- 
mations between  Concepcion  and  Chiloe,  which  deserve 
some  notice.  First,  thai,  thniigh  thp  st.nita  are  tri^iieralfy 
horizontal,  they  have  been  upheaved  in  Chiloe,  in  a  set 
of  parallel  anticlinal  and  nniclinal  lines  ranging  north 
and  sonth, — in  the  district  near  F.  Bumena  by  eight 
or  nine  far-extended,  most  symmetrical,  uniclinal  tinea 
ranging  nearly  east  and  west, — and  in  the  neighbourhood 
of  Concepcion  by  less  regular  single  lines,  directed  both 
NE.  and  SW.,  andNW.  and  SE.  This  fact  is  of  some 
interest,  as  showing  that  within  a  period  which  cannot 
be  considered  as  very  ancient  in  relation  to  the  history 
of"  the  continent,  the  strata  between  the  Cordillera  and 
the  Pacific  have  been  broken  np  in  the  same  variously- 
directed  manner  as  have  the  old  plutonic  and  meta- 
morphic  rocks  in  this  same  district.  The  second  point 
is,  t  hat  the  sandstone  between  Concepcion  and  Southern 
Chiloe  is  everywhere  lignitiferoas,  and  includes  mach 
silicified  wood;  whereas  the  formations  in  Northern 
Chile  do  not  include  beds  of  lignite  or  coal,  aud  in  placo 
of  the  fragments  of  silicified  wood  there  are  silicified 
bones.  Now,  at  the  present  day,  from  Cape  Horn  to 
near  Concepcion,  the  land  is  entirely  concealed  by  forests, 
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wliich  thin  ont  at  CoiicepcioD,  tuid  in  central  and 
Northern  Chile  entirely  disappear.  ThU  coincidence  in 
the  distribation  of  the  fossil  wood  and  the  living  forests 
may  be  quite  accidontal ;  but  I  incline  to  take  a  diffe- 
rent view  of  it;  for,  as  the  difierence  in  climate,  on 
which  the  presence  of  forests  depeuds,  is  here  obviously 
in  chief  part  due  to  the  form  of  the  land,  and  as  the 
Cordillera  undoubtedly  existed  when  the  lignitiferous 
beds  were  accamulating,  I  conceive  it  is  not  improbable 
that  the  climate,  during  the  lignitiferous  period,  varied 
on  diiferent  parts  of  the  coast  in  a  Bomewbat  similar 
manner  as  it  now  does.  Looking  to  an  earlier  epoch, 
when  the  strata  of  the  Cordillera  were  depositing,  there 
were  islands  which  even  in  the  latitude  of  Northern 
Chile,  where  now  all  is  irreclaimably  desert,  supported 
large  coniferous  forests. 

Seventy-nine  species  of  fossil  shells,  in  a  tolerably 
recognisable  condition,  from  the  coast  of  Chile  and  Pern, 
are  described  in  this  volume,  and  in  the  Palieontological 
part  of  M.  d'Orbigny's  '  Voyage ' :  if  we  put  on  one  side 
the  twenty  species  exclusively  found  at  Concepcion  and 
Chiloe,  fifty-nine  species  from  Navidad  and  the  other 
specified  localities  remain.  Of  these  fifty-nine  species 
only  an  Artemis,  a  Mytilus,  and  Balaous,  all  from 
Coquimbo,  are  (in  tlie  opinion  of  Mr,  Sowerby,  but  not 
in  that  of  M.  d'Orbigny)  identical  with  living  shells; 
and  it  would  certainty  require  a  better  series  of  speci- 
mens to  render  this  conclusion  certain.  Only  the 
TureiiMa,  Chiltmsii  from  Huafo  and  Mocha,  ttie  T. 
Patftgonica  and  Venvs  meridionalts  from  Navidad, 
come  very  near  to  recent  South  American  shells,  namely, 
thft  two  Turritellas  to  T.  tdngutata,  and  the  Venus  to 
V.  oscaliida:  some  few  other  species  come  rather  less 
near;  and  some  few  resemble  forms  in  the  older  Euro- 
pean tertiary  deposits:  none  of  tlie  species    resemble 
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secondary  forms.  Hence  I  conceive  tliere  can  be  no 
doubt  that  these  formations  are  tertiary,— a  point  ne- 
oeasary  to  consider,  after  the  case  of  Contepcion.  The 
fifty-nine  species  belong  to  thirty-two  genera  ;  of  these, 
Gastridium  is  extinct,  and  three  or  four  of  the  genera 
(viz,  Panopsea,  Rostellaria,  Corbia  ?,  and  I  believo 
Solecnrtuy)  are  not  now  fonnd  on  the  west  coast  of  South 
America.  Pift.Ben  of  the  genera  have  on  this  coast 
living  representatives  in  about  the  same  latitodes  with 
the  fossil  species;  but  twelve  genera  now  range  very 
differently  to  what  they  formerly  did.     The  idea  of  the 
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Lattialo,  In  wblch  feaod 

lanluy  ipcols  on   tU. 

(a»lloott.«c».l«o( 

"•bloh  found  llH.ie  en  IhB 

Bulla    .        . 

MO"  to  4B"  30" 

la"  near  Lima 

Cassis      .         .     . 

34° 

1°37' 

Fyrala .        ,        . 

31°  (and  ac"  30"  at 
CdDCepcion) 

5°  i-ayla 

Fusns               .    . 

30'  to  43»  W 

23°  MexiDonca  j  re- 
appcara  Bt  the  St. 
of  Magtllan 

PleoTDtoma  . 

34°  to  i3»  ac 

B°18'St.  Eleoa 

Tetebra   ,         ,     . 

34" 

5°Payta 

SigoretuB      . 

34"  to  44°  tff 

12°  Limft 

30° 

7°  48' 

Poma  . 

30° 

1°  23'  Xiiappa 

Cardium  .        .    . 

30'  to  34°  (and  38° 

6°  Fajta 

Artemis 

30° 

6°PHjta 

TolDta     .        .    . 

34°  to  44°  30- 

Mr,    Cumin  ft     does 
not   know  of  any 
speciea  living  on 
the    west     coast, 
between  the  equa- 
tor  and    lat.   43° 
SQUlh ;    Eroin    tbia 
latitii'le  a  opecios 
is    (ound    OS    far 
Bondi     3B    Tierra 
del  Fuego. 
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'  H.  d'Orbign]>  Btatea  that  the  genus  Natica  is  not  foand  on  tha 
ooast  of  Chile ;  bnt  Ut.  Cnming  found  it  at  Va1]>aTBiB0.  ScAlaiia 
waa  fonnd  at  Talpaiaiao ;  Area,  at  Iqniqne,  in  tat.  W,  b;  Ur. 
Coining ;  Aroa,  ako,  was  fonnd  \n  Oapt.  King,  at  Joan  Femandtt*, 
la  lat.  33°  80'. 
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table  on  the  previons  page,  in  which  the  dilfcreuce 
between  the  extension  in  latitude  of  the  fossil  and  existing 
species  is  shown,  is  taken  &om  M.  d'Orbigny's  work ;  but 
the  range  of  the  living  shells  is  gtren  on  the  authority 
of  Mr.  Coming,  whose  long-continned  researches  on  the 
conchology  of  South  America  are  well  known. 

When  we  consider  that  very  few,  if  any,  of  the  fifty- 
nine  fossil  shells  are  identical  with,  or  make  any  close 
approach  to,  living  species ;  when  we  consider  that  some 
of  the  genera  do  not  now  exist  on  the  west  coast  of 
South  America,  and  that  no  less  than  twelve  genera  ont 
of  the  thirty-two  formerly  ranged  very  differently  fi-om 
the  existing  species  of  the  same  genera,  we  moat  admit 
that  these  deposits  ore  of  considerable  antiqnity,  and 
that  they  probably  verge  on  the  commencement  of  the 
tertiary  era.  May  we  not  venture  to  believe,  that  they 
are  of  nearly  contemporaneous  origin  with  the  Eocene 
formations  of  the  Northern  Hemisphere  ? 

Uoraparing  the  fossil  remains  from  the  coast  of  Chile 
(leaving  out,  as  before,  Concepcion  and  Chiloe)  with 
those  from  Patagonia,  we  may  conclude,  from  their 
generic  resemblance,  and  from  the  small  number  of  the 
species  which  from  either  coast  approach  closely  to 
living  forma,  that  the  formations  of  both  belong  to 
nearly  the  same  epoch ;  and  this  is  the  opinion  of  M. 
d'Orb^gny.  Had  not  a  single  fossil  shell  been  common 
to  the  two  coasts,  it  could  not  have  been  argued  that 
the  formations  belonged  to  different  ages ;  for  Messrs. 
Cuming  and  Hinds  have  found,  on  the  comparison  of 
nearly  2,000  living  species  irom  the  opposite  sides  of 
South  America,  only  one  in  common,  namely,  the  Vur- 
pura  lapiUtis  from  both  sidesof  the  Isthmus  of  Panama : 
even  the  shells  collected  by  myself  amongst  the  Chonos 
Islands  and  on  the  coast  of  Patagonia,  are  dissimilar, 
and  we  must  descend  to  the  apex  of  the  continent,  to 
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Ti«rra  d«I  Fui^,  to  find  these  two  great  cooclicilogical 
profiacea  anited  into  one.  Hence  it  is  remarkable  that 
or  fire  of  the  fossil  shetU  from  Navidad,  oainely, 
YoUtta  alia,  TvrritiUa  Paiagmica,  Trodtm  mllaris^ 
~'«ntw  meruUonaUt,  perhaps  Natica  soUda^  and  per- 
tapB  the  Urge  oyster  (rom  Coquimbo,  are  considered  by 
Mr.  Sowerby  as  idectical  vith  species  from  Santa  Craz 
aod  Port  Desire.  M.  d'Orbigny,  bowerer,  admits  the 
perfect  identity  only  of  the  Trochoa. 

On  the  Temperature  of  the  Tertiary  Period. — As 
the  nnmber  of  the  fossil  Epeciea  and  genera  from  the 
tre»tern  and  eastern  coasts  is  con^derable,  it  will  be 
interesting  to  consider  the  probable  uatnre  of  tbo 
climate  under  which  they  lived.  We  will  first  take  the 
civ^  of  X,n-i(];id,  in  lat.  34°,  where  thirty-one  spedea 
were  collected,  and  which,  aa  we  shall  presently  see, 
mnet  have  inhabited  shallow  water,  and  therefore  will 
necessarily  well  exhibit  the  effects  of  temperature. 
Referring  to  the  Table  given  in  the  previous  page,  we 
find  that  the  existing  species  of  the  genera  Casaia, 
Pymla,  Pteurotoma,  Terebra,  and  Sigaretus,  which  are 
generally  (though  by  no  means  invariably)  characteristic 
of  warmer  latitudes,  do  not  at  the  present  day  range 
nearly  so  far  south  on  this  line  of  coast  as  the  fossil 
species  formerly  did.  Including  Coquimbo,  we  have 
Perna  in  the  same  predicament.  The  first  impression 
from  this  fact  is,  that  the  climate  most  formerly  have 
been  warmer  than  it  now  is;  but  we  must  be  very 
cautious  in  admitting  this,  for  Cardium,  Bulla,  and 
Fusus  (and,  if  we  include  Coquimbo,  Anomia  and 
Artemis)  likewise  fonnerly  ranged  farther  south  than 
they  now  do ;  and  as  these  genera  are  far  from  being 
characteristic  of  hot  climates,  their  former  greater 
Boathern  range  may  well  have  been  owing  to  causes 
quite  distinct  from    climate :   Yolnta,   again,   though 
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generally  bo  tropical  a  genQS,  is  at  present  coofiuud  on 
the  west  coast  to  colder  or  more  eoothem  latitudes  than 
it  was  during  the  tertiary  period.  The  2VocAiu  coUans, 
moreover,  and,  as  we  have  jnst  seen  according  to  Mr. 
Sowerby,  two  or  three  other  species,  formerly  ranged 
from  Navidad  as  far  south  as  Santa  Cruz  in  lat.  50°.  I^ 
instead  of  comparing  the  fossils  of  Navidad,  as  we  have 
hitherto  done,  with  the  shells  now  living  on  the  west 
coast  of  Sonth  America,  we  compare  them  wiUi  those 
fonnd  in  other  parts  of  the  world,  onder  nearly  similar 
latitudes;  for  instance,  in  the  southern  parts  of  the 
Mediterranean  or  of  Australia,  there  is  no  evidence 
that  the  sea  off  Navidad  was  formerly  hotter  than  what 
might  have  been  expected  from  its  latitude,  even  if  it 
was  somewhat  warmer  than  it  now  is  when  cooled  by 
the  great  southern  polar  current.  Several  of  the  most 
tropical  genera  have  no  representative  fossils  at  Navi- 
dad ;  and  there  are  only  single  species  of  Cassis,  Pyrula, 
and  SigaretuB,  two  of  Pleurotoma  and  two  of  Terebra, 
bnt  none  of  these  species  are  of  conspicuous  size.  In 
Patagonia,  there  is  even  still  leas  evidence  in  the 
character  of  the  fossils,  of  the  climate  having  been 
formerly  warmer.'  As  from  the  various  reasons  already 
assigned,  there  can  be  little  doubt  that  the  formations 
of  Patagonia  and  at  least  of  Navidad  and  Coquimbo  in 
Chile,  are  the  equivalents  of  an  ancient  stage  in  the 
tertiary  formations  of  the  northern  hemisphere,  the 
conclusion  that  the  climate  of  the  southern  seas  at  this 
period  was  not  hotter  than  what  might  have  been  ex- 
pected from  the  latitude  of  each  place,  appears  to  me 
highly  important;  for  we  must  believe,  in  accordance 

'  It  nay  be  worth  irhile  t«  mentioa  that  the  ehells  living  at  tha 
present  day  on  this  easteni  Bide  of  6,  Araerica,  in  lat.  40°,  have 
perhaps  a  mora  tropical  character  than  those  in  correBpoading 
latitudes  on  the  shores  of  Enrope :  for  at  Bahia  Ulancii  and  S.  Bias, 
there  are  two  fine  species  of  Tolnta  and  font  of  OUtl 
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with  tba  views  of  Mr.  Lyell,that  the  caasea  which  gave 
to  the  ohier  tertiary  prodaciions  of  the  quite  temperate 
EODua  of  Europe  a  tropical  character,  were  of  a  locU 
eharofier  and  did  twt  affect  the  entire  gUihe.  On  the 
other  hand,  I  have  eudeavoured  to  show,  in  the  '  Geo- 
lOj^icul  Traaaactions,'  that,  at  a  much  later  period,  Europe 
Bnd  North  and  South  America  were  Dearly  contempora- 
ueonaly  8Qbjecl€>d  to  ice-action,  and  consequently  to  a 
colder,  or  at  leiiit,  more  equable  climate  than  tliaC  now 
characteristic  of  the  same  latitndes. 

On  the  Ahumice  of  extensive  modern  Condiifermit 
Deposits  in  South  America;  arid  im  the  Contemqio^ 
ToneousMiB  of  the  older  Tertiary  Lepositt  at  distant 
poinit  being  due  to  confemporaneova  movemenia  of 
suhsvhive. — Knowing  from  the  researches  of  JViffssor 
G.  Forbes,  that  moUtiscous  animals  chiefly  abound 
within  a  depth  of  100  fathoms  and  under,  and  bearing 
in  mind  how  many  thousand  miles  of  both  coasts  of 
South  America  have  been  upraised  within  the  recent 
period  by  a  slow,  long- continued,  int<'rmittent  move- 
ment,— seeing  the  diversity  in  nature  of  the  shorea  and 
the  namber  of  shells  now  living  on  them, — seeing  also 
that  the  sea  off  Patagonia  and  off  many  parts  of  Chile, 
was  during  the  tertiary  period  highly  favourable  to  the 
accumulation  of  sediment, — the  absence  of  extensive 
deposits  including  recent  shells  over  these  vast  spaces 
of  coast  is  highly  remarkable.  The  conchiferous  cal- 
careous beds  at  Coquimbo,  and  at  a  few  isolated  points 
northward,  offer  the  most  marked  exception  to  this 
8t;itenieiJt ;  for  these  beds  are  from  twenty  to  thirty 
feet  in  thickness,  and  they  stretch  for  some  miles  along 
shore,  attaining,  however,  only  a  very  trifling  breadth. 
At  Valdivia  there  is  some  sandstone  with  imperfect  casts 
of  shells,  which  possibly  may  belong  to  the  recent  period : 
parts  of  the  boulder  formation  euid  the  shingle-beda  on 
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the  lower  plains  of  Pati^onia  probably  belong  to  this 
same  period,  but  neither  are  fossilirerous :  it  also  bo 
bappens  that  the  great  Pampean  formation  does  not  in- 
clude, with  the  exception  of  the  Azara,  any  molluBca. 
There  cannot  be  the  Emallest  doubt  that  the  npraised 
Bhells  along  the  shores  of  the  Atlantic  and  Pacific, 
whether  lying  on  the  bare  surface,  or  embedded  in  mould 
or  in  sand -hillocks,  will  in  the  course  of  ages  be  destroyed 
by  altnvial  action :  this  probably  will  be  the  case  even 
with  the  calcareous  beds  of  Coqnimbo,  so  liable  to  dis- 
eolutioQ  by  rain-water.  If  we  fake  into  consideration 
the  probability  of  oscillations  of  level  and  the  conse- 
quent action  of  the  tidal  waves  at  difiereut  heights, 
their  destruction  will  appear  almost  certain.  Looking 
to  an  epoch  as  far  distant  in  futurity  as  we  now  are 
from  the  past  Miocene  period,  there  seems  to  me  scarcely 
R  chance,  under  existing  conditions,  of  the  nnmerons 
shells  now  living  in  those  zones  of  depths  most  fertile 
in  life,  and  found  exclusively  on  the  western  and  south- 
eastern coasts  of  South  America,  being  preserved  to  this 
imaginary  dist-ant  epoch.  A  whole  conchological  series 
will  in  time  be  swept  away,  with  no  memorials  of  their 
existence  preserved  in  the  earth's  crust. 

Can  any  ligbt  be  thrown  on  this  remarkable  absence 
of  recent  conchiferous  deposits  on  these  coasts,  on  which, 
at  an  ancient  tertiary  epoch,  strata  abounding  with 
organic  remaius  were  extensively  accumulated  ?  I  think 
there  can,  namely,  by  considering  the  conditions  neces- 
sary for  the  preservation  of  a  formation  to  a  distant 
age.  Looking  to  the  enormous  amount  of  denudation 
which  on  all  sides  of  ue  has  been  effected, — as  evi- 
denced by  the  lofVy  clifTs  cutting  oif  on  so  many  coasts 
horizontal  and  once  far-extended  strata  of  no  great 
antiquity  (as  in  the  case  of  Patagonia), — as  evidenced 
t^  the  level  surface  of  the  ground  on  both  sides  of  great 


fcatfi  aai  £^ocstioi>s, — hw  iriftmA  lum  of  escatrpmentH, 
l^  cPBtfien,  aad  nomberiMB  odKr  GKts.  scd  bj  that 
■ynBent  of  Ug^  geiia»li^  advanced  br  Mr.  hnU^ 
maidj,  that  efoj  Mrftiwitoy  fbrmatim.  whatever  its 
thiclnw  nay  be,  and  over  bowerer  msny  hnadred 
aqoaie  tailes  it  msjextcaid,ia  the  result  and  theraeaaars 
of  aa  aqua]  amount  of  wear  and  tear  of  pre-«Kiating 
fanutiooa;  coasidemig  tbese  facta,  we  mast  ( 
Uta/L,  aa  aa  ordioaij  rale,  a  formation  b 
iortfoying  powers,  and  to  last  to  a  distant  e 
ba  of  wide  extent,  and  either  in  itself,  ra- 1 
•apniaciimbent  Btcata,  be  of  great  tJiickitesa. 
diani^oD,  we  are  considering  orAj  fonnatio 
isg  the  remains  erf  mariii&  aainiais,  which, 
mentioned,  li-----,  --riiL  --t.'-  .-■■,■'■■:.'■  -- 
them  mai^b  within)  depths  of  a  hundred  fathoma.  How, 
then,  can  a  thick  and  widely  extended  formation  be 
accnmnlated,  which  shall  inctnde  snch  organic  remains  ? 
First,  let  ns  take  the  case  of  the  bed  of  the  sea  long  t^ 
maining  at  a  stationary  level :  nnder  these  circnmstancea 
it  is  evident  that  eondiiferouit  strata  can  accnmnlate 
only  to  the  same  thickness  with  the  depth  at  which 
the  shells  can  live;  on  gently  inclined  coasts  alone  can 
they  accnmnlate  to  any  considerable  width ;  and  from 
the  want  of  Bnperincnmbent  pressure,  it  is  probable 
that  the  sedimentary  matter  will  seldom  be  ronch  con- 
Bolidated :  snch  formations  have  no  very  good  chance, 
when  in  the  conrse  of  time  they  are  npraised,  of  long 
resisting  the  powers  of  denudation.  The  chance  will 
be  less  if  the  snbmarine  surface,  instead  of  having  re- 
mained stationary,  shall  have  gone  on  slowly  rising 
during  the  depoaitioD  of  the  strata,  for  in  this  case  their 
total  darkness  mnst  be  less,  and  each  part,  before  being 
consolidated  or  thickly  covered  np  by  superincurobent 
matter,  will  have  had  snccessively  to  pass  through  the 
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ordeal  of  the  beach ;  and  oo  most  coasts,  the  wares  on 
the  beach  tend  to  wear  down  and  disperse  every  object 
exposed  to  their  action.  Now,  both  on  the  B0uth-ea«teru 
and  western  shores  of  South  America,  we  have  had  clear 
proofs  that  the  land  has  been  slowly  rising,  and  in  the 
long  lines  of  lofty  cliffs,  we  have  seen  that  the  tendency 
of  the  sea  is  blmost  everywhere  to  eat  into  the  land. 
Considering  these  facts,  it  ceases,  I  think,  to  be  sur- 
prising, that  extensive  recent  coachiferous  deposits  are 
entirely  absent  on  the  southern  and  western  shores  of 
America. 

Let  as  take  the  one  remaining  case,  of  the  bed  of 
the  sea  slowly  subsiding  during  a  length  of  time,  whilst 
sediment  has  gone  on  being  deposited.  It  is  evident 
tiiat  strata  might  thus  accumnlate  to  any  thickness,  each 
stratum  being  deposited  in  shallow  water,  and  conse- 
qnently  abounding  with  those  shells  which  cannot  live 
at  great  depths :  the  pressure,  also,  I  may  observe,  of 
each  fresh  bed  wonld  aid  in  consolidating  all  the  low^r 
ones.  Even  on  a  rather  steep  coast,  though  such  must 
ever  be  unfavourable  to  widely  extended  deposits,  the 
formations  would  always  tend  to  increase  in  breadth 
from  the  water  encroaching  on  the  land.  Hence  we 
may  admit  that  periods  of  slow  subsidence  will  com- 
monly be  most  favourable  to  the  accumulation  of 
conckiferous  deposits,  of  sufficient  thickness,  extension, 
and  hardness,  to  resist  the  average  powers  of  denadation. 

We  have  seen  that  at  an  ancient  tertiary  epoch, 
fossiliferoua  deposits  were  extensively  deposited  on  the 
coasts  of  South  America ;  and  it  is  a  very  interesting 
fact,  that  there  is  evidence  that  these  ancient  tertiary 
beds  were  deposited  during  a  period  of  subsidence. 
Thus,  at  Navidad,  the  strata  are  abont  800  feet  in  thick- 
ness, and  the  fossil  shells  are  abundant  both  at  the  level 
of  the  sea  and  some  way  ap  the  cliffs ;  having  sent  a 


list  of  these  fiosils  to  Professor  E.  Forbes,  he  thinks  i 
they  most  have  lived  in  water  between  one  and  ten  I 
fflthoms  in  depth :  hence  the  bottom  of  the  eea  od  [ 
which  these  ahells  once  lived  mnst  have  subsided  at 
least  700  feet  to  allow  of  the  saperincnmbent  matter  i 
being  deposited.  I  mnst  here  remark,  that,  as  all  these 
and  the  following  fossil  shells  are.  extinct  species,  F'ro 
fesgor  Forbes  necessarily  judges  of  the  depths  at  whioh 
they  lived  only  from  their  generic  character,  and  from 
the  analogical  distribntion  of  shells  in  the  Northern 
Hemisphere;  but  there  is  no  just  cause  &om  this  to 
doubt  the  general  resalts.  At  Huafo  the  strata  are 
about  the  same  thickness,  namely,  800  feet,  and  Pro- 
fessor Forbes  thinks  the  fossils  found  there  cannot  hava 
lived  at  a  grejitw  depth  than  fifty  fathomg,  or  300  feet. 
These  two  points,  namely,  Navidad  and  Huafo,  are  570 
miles  apart,  but  nearly  half-way  between  them  lies 
Mocha,  an  island  1,200  feet  in  height,  apparently  formed 
of  tertiary  strata  np  to  its  level  summit,  and  with  many 
shells,  including  the  same  Tnrritella  with  that  found 
at  Huafo,  embedded  close  to  the  level  of  the  sea.  In 
Patagonia,  shells  are  numerous  at  St.  Cruz,  at  the  foot 
of  the  350  feet  plain,  which  has  certainly  been  formed 
by  the  denudation  of  the  840  feet  plain,  and  therefore 
was  originally  covered  by  strata  that  number  of  feet  in 
thickness,  and  these  shells,  according  to  Professor 
Forbes,  probably  lived  at  a  depth  of  between  seven  and 
fifteen  fathoms :  at  Port  St.  Julian,  sixty  miles  to  the 
north,  shells  are  numerous  at  the  foot  of  the  ninety  fert 
plain  (formed  by  the  denudation  of  the  950  feet  plain), 
and  likewise  occasionally  at  the  height  of  several  hundred 
feet  in  the  upper  strata ;  these  shells  must  have  lived  in 
water  somewhere  between  five  and  fiily  fathoms  in  depth. 
Although  in  other  part«  of  Patagonia  I  have  no  direct 
evidence  of  shoal-water  shells  having  been  buried  under 
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s  great  thickness  of  super  incumbent  Babmarine  strata, 
yet  it  should  be  borne  in  mind  that  the  lower  fossili- 
feroQS  strata  with  several  of  the  same  species  of  Mollnaca, 
the  upper  tufaceous  beds,  and  the  high  summit-plain, 
fetreteh  for  a  coQsiderable  distatice  southward,  and  for 
hundreds  of  miles  northward;  seeing  this  uniformity 
of  structure,  I  conceive  it  may  be  fairly  concluded  that 
the  subsidence  by  which  the  sheila  at  Santa  Cruz  and 
St.  Julian  were  carried  down  and  covered  up,  was  not 
confined  to  these  two  points,  but  wiw  co-extensive  with 
a  considerable  portion  of  the  Patagonian  tertiary  forma- 
tion. In  a  succeeding  chapter  it  will  be  seen,  that  we 
are  led  to  a  similar  conclusion  with  respect  to  the 
secondary  fossiliferous  strata  of  the  Cordillera,  namely, 
that  they  also  were  deposited  during  a  long-continned 
and  great  period  of  subsidence. 

From  the  foregoing  reasoning,  and  from  the  facts 
just  given,  I  think  we  must  admit  the  probability  of 
the  following  proposition :  namely,  that  when  the  bed 
of  the  sea  is  either  stationary  or  rising,  circumstances 
are  far  less  favourable,  than  when  the  level  is  sinking, 
to  the  accumulation  o{ eonchiferous  deposits  of  sufficient 
thickness  and  extension  to  I'esist,  when  upheaved,  the 
average  vast  amount  of  denudation.  This  result  appears 
to  me,  in  several  respects,  very  interesting :  everyone  is 
at  first  inclined  to  believe  that  at  innumerable  points, 
wherever  there  is  a  supply  of  sediment,  fossiliferous 
strata  are  now  forming,  which  at  some  future  distant 
epoch  will  be  upheaved  and  preserved ;  but  on  the  views 
above  given,  we  must  conclude  that  this  is  far  from 
being  the  case;  on  the  contrary,  we  require  (1st),  a 
long-continued  supply  of  sediment;  (2nd),  an  extensive 
shallow  area;  and  (3rd),  that  this  area  shall  slowly 
subside  to  a  great  depth,  so  as  to  admit  the  accumula- 
tion of  a  widely-extended  thick  mass  of  superincambeut 
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strata.  In  how  few  parta  of  the  world,  probably,  do 
these  contlilioDB  at  tho  present  day  concur!  We  can 
thus,  alflo,  uiidi?rstautl  the  general  want  of  that  close 
sequence  in  fossiiifei-ouR  fbrmationa  which  we  might 
theoretically  have  anticipated ;  for,  without  we  suppoeo 
a  subsiding  movement  to  go  on  at  the  same  spot  during 
on  mormons  period,  from  one  geological  era  to  another, 
Knd  during  the  whole  of  this  period  sediment  to  accu- 
mulate at  the  proper  rate,  so  tliat  the  depth  should  not 
become  too  great  for  the  continued  existence  of  juollus- 
cous  auimals,  it  is  scarcely  possible  that  there  should  be 
B  pt^rfect  sequence  at  the  same  spot  in  the  fossil  shells 
of  the  two  geological  formations.'  So  far  from  a  very 
Jong- continued  subaidence  being  probable,  many  facts 
Im^I  to  the  belief  that  the  earth's  surface  oscillates  up 
n  ;  and  we  have  seen  that  during  the  elevalory 
movements  there  is  but  a  small  chance  of  durahle  foa- 
eiliferous  deposifs  accumulating. 

Lastly,  these  same  considerations  appear  to  throw 
some  light  on  the  fact  that  certain  periods  appear  to 
have  been  favourable  to  the  deposition,  or  at  least  to 
the  preservation,  of  contemporaneous  formations  at  very 
distant  points.  We  have  seen  that  in  South  America 
an  enormous  area  has  been  rising  within  the  recent 
period ;  and  in  other  quarters  of  the  globe  immense 
spaces  appear  to  have  risen  contemporaneously.  From 
my  examination  of  the  coral-reefs  of  the  great  oceans, 

'  Pro'esior  H.  D.  Rojjoi-i,  in  hU  eiccUcnt  nddrcBs  to  theAsgooi.i- 
tion  of  American  GeoloKii!t3(Siliiman"a  'Journal,'  vol,  ilvii.  p.  277), 
niakes  1  be  foUowii^g  remark  :  '  I  question  if  we  are  at  all  anar?  how 
aimpUtely  the  whole  history  of  all  departed  time  lies  indtliblv  re- 
corded with  tho  amplest  minuteness  of  delail  in  the  Bocce^^sive 
aedimenis  of  the  globe,  how  effectually,  in  other  word?,  every 
perioil  of  time  hat  nritten  it*  txca  Aij(<'rji,caretnllj  preserving  every 
created  form  and  every  trace  of  action,'  I  think  the  corroctneaa  ol 
■uch  remarks  i-^  mure  than  doahtTiil,  even  if  we  except  (as  I  suppose 
he  would)  all  tLoae  numerous  organic  forms  which  contain  no  hard 
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I  have  been  led  to  cooclude  that  the  bed  of  the  sea  has 
gone  on  slowlj  sinking  within  the  present  era,  orer  truly 
vaat  areaa :  this,  indeed,  is  in  itself  probable,  from  the 
simp'e  fact  of  the  rising  areas  having  been  so  targe.  In 
South  America  we  have  distinct  evidence  that  at  nearly 
the  same  tertiary  period,  the  bed  of  the  sea  oflf  parts  of 
the  coast  of  Chile  aud  off  Patagonia  was  sinking,  thongh 
these  regions  are  very  remote  from  each  other.  If, 
then,  it  holds  good,  as  a  general  rate,  that  in  the  same 
qaarter  of  the  globe  the  earth's  crnst  tends  to  sink  and 
rise  contemporaneously  over  vast  spaces,  we  can  at 
once  see,  that  we  have  at  distant  points,  at  the  same 
period,  those  very  conditions  which  appear  to  be  re- 
quisite for  the  accumulation  of  foasiliferoua  masses  of 
sufficient  extension,  thickness,  and  hardness,  to  resist 
denudation,  and  consequently  to  last  unto  an  epoch 
distant  in  futurity.' 

■  Profcsinr  Forbes  hns  some  ailmlntble  reniBrks  on  this  snbject, 
inhis'R^port  on  theiihetlsof  tbe^^'ean  BeiL.'  In  a  leicer  to  Ur. 
Haolaren  (•  E^inbur.:h  New  Phil.  Journal,'  Jaauarj  1813),  I  partiallr 
entered  Into  tliis  di.icuBsioti,  and  emlfuvouied  to  show  that  it  waa 
highly  improbable,  tbat  upraised  Bti>11s  or  batrier-reefs.  though  o( 
great  thickness,  Bhnnld,  owing  to  their  amall  extension  or  bniadth, 
be  prtacrveii  to  a  distant  future  period. 
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PLUTOKIO   AND  METAMORPHIC   ROCKS: — CLEAVAGE  AKft'l 
FOUATION. 
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,^aril,  Bahia,  gneiu  Kith  di'jMnttd  mutamorpliBtfd  dika — StrHi* 
(/'  foliatiOK—Rio  de  Janeim,  giteLai-grnHite,  tmbedded  fragment 
fd,  dremnpimtietn^~L»  PluOi.  mriam  .T,ihif  aiui  ,<i,i  <„h^rH,.-  ra-i* 
^—8,    Ve»tana — Clajfitimg  }•«!■/■'-     ■  ,i    ■■■"  /■.<■■  ■.•■■;<j  ; 

tingiilar    melaviiT/ihie   Ti-flii  :  ./.>, 

jiahrotmc  fnnidU     -/-—Tit^a     .,  .,.,. 

gTetaeeBUt/oiriUiqf;  elravage  and/iiliiUwii  ;form  .tf  land — Ciwaot 
Arehipelano,  miea  lehiiti,  ftdiaiioa  ditliir//e'i  *y  graiiitie  aiis  ; 
diket — Chilae — Cmctpcion,  diii-i,  iiiccetiirc  fami^ilUm  nf — CentrcU 
and  Xttrtbern  ChUe — Cmclnding  rtmarkt  on  clearage  mdfglia- 
timt — JMt  efow  analogy  and  timilar  oriyin — Strati/ioation  of 
metttmnr/riio  tcliittt — Foliatinn  o£  intmare  roela — Belation  of 
elearase  tl>"l  /aliatUm  to  the  line*  i:f  tentioa  during  metamorjih«tit. 

The  metam Orphic  and  plutonic  fomnitiona  of  the  several 
districts  visited  by  the  Beadle  will  be  here  chiefly 
treated  of,  but  only  such  cases  aa  appear  to  me  new,  or 
of  some  special  interest,  will  be  described  in  detail;  at 
the  end  of  the  chapter  I  will  sum  up  all  the  facts 
on  cleavaye  and  foliation, — to  which  I  particularly 
attended. 

Bahia,  Brazil:  lat.  13"  sonlh.  —  The  prevailing 
rock  is  gneiss,  often  passing,  by  the  disappearance  of 
the  quarts  and  mica,  and  by  the  feldspar  losing  its 
red  colour,  into  a  brilliantly  grey  primitive  green- 
stone. Not  nnfrequently  quartz  and  hornblende  are 
arranged     in    layers    in     almost    amoj'pUous    feldspar. 
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There  is  BOtne  fine-grained  eyenitic  granite,  orbicularly 
marked  by  ferruginous  lines,  and  weathering  into 
vertical,  cylindrical  holes,  almost  touching  each  other. 
In  the  gneiss,  concretions  of  granular  feldspar  nod 
otliers  of  garnets  with  mica  occur.  The  gDoi^s  is 
traversed  by  numerous  dikes  composed  of  black,  finely 
crystallised,  hornblendic  rock,  containing  a  little  glassy 
feldspar  and  sometimes  mica,  and  varying  id  thickness 
from  mere  threads  to  ten  feet:  these  threads,  which 
are  often  curvilinear,  could  sometiraea  be  traced  running 
into  the  larger  dikes.  One  of  these  dikes  was  remark- 
able from  having  been  in  two  or  three  places  laterally 
disjointed,  with  unbroken  gneiss  interposed  between 
the  broken  ends,  and  in  one  part  with  a  portion  of  the 
gneiss  driven,  apparently  whilst  in  a  softened  state, 
into  its  side  or  wall.  In  several  neighbouring  places, 
the  gneiss  included  angular,  well-defined,  sometimes 
bent,  masses  of  hornblende  rock,  quit«  like,  except  in 
being  jiore  perfectly  crystallised,  that  forming  the 
dikes,  and,  at  leash  in  one  instance,  containing  (as 
d-tennined  by  Professor  Miller)  nugite  as  well  as 
hornblende.  In  one  or  two  cases  these  angular  masses, 
though  now  quite  separate  from  each  other  by  the  solid 
gneiss,  had,  fi-oni  their  exact  correspondence  in  size 
and  shape,  evidently  once  been  united;  hence  I  cannot 
doubt  that  most  or  all  of  the  fragments  have  been 
derived  from  the  breaking  up  of  the  dikes,  of  which  we 
see  the  first  stage  in  the  above-mentioned  laterally 
disjunted  one.  The  gneiss  close  to  the  fragments 
generally  contained  many  large  crystals  of  hornblende, 
which  are  entirely  absent  or  rare  in  other  parts:  its 
Iblia  or  lamiuEC  were  gently  bent  round  the  fragments, 
in  the  same  manner  as  they  sometimes  are  round  concre- 
tions. Hence  the  gneiss  has  certainly  been  softened, 
its  composition  modified,  and  its  folia  arranged,  snb- 


sequently  to  the  breaking  up  of  the  dikea,'  theae  latter 
also  haviny  be^n  at  the  same  time  bent  and  Boft^ned. 

I  must  here  take  the  opportanity  of  premising, 
tlnit  by  the  term  ds'iva^«,  I  imply  those  planes  of 
division  which  render  a  rock,  appearing  to  the  eve 
quite  or  nearly  homogeneous,  fissile.  By  the  term  f'jlii  - 
(ton,  I  refer  to  the  layers  or  plates  of  different  minora* 
logical  nature  of  which  most  metamorphic  achista  are 
composed ;  there  are,  also,  often  included  in  such 
masses,  alternating,  homogeneous,  fissile  layers  or  folia, 
and  in  this  case  the  rock  is  both  foliated  and  has  a 
cloavage.  By  siraiification,  as  applied  to  these  friruia- 
tions,  I  mean  those  alternate,  parallel,  large  masses  of 
dilforent  composition,  which  are  themselves  frequently 
either  foliated  or  fissile, — snch  as  the  alternating  so- 
called  strata  of  mica-slate,  gneiss,  glossy  clay-slate,  and 
marble. 

The  folia  of  the  gneiss  within  a  few  miles  round 
Bahia  generally  strike  irregularly,  and  are  often  cur- 
vilinear, dipping  in  all  directions  at  various  angles: 
but  where  best  defined,  they  extended  most  frequently 
in  a  NE.  by  N.  (or  East  50°  N.)  and  SW.  by  S.  line, 
corresponding  nearly  with  the  coast-line  northwards 
of  the  bay.  I  may  add  that  Mr.  Gardner*  found  in 
several  parts  of  the  province  of  Ceara,  which  lies 
between  4U0  and  500  miles  north  of  Babia,  gneiss  with 
the  folia  extending  E.  4-5°  N, ;  and  ia  Guyana,  accord- 
ing to  Sir  R.  Rchomburgk,  the  same  rock  strikes  E. 
57°  N.  Agiiin,  Humboldt  describes  the  gneiss-granite 
over  an  immense  area  in  Venezuela  and  even  in  Colombia, 
as  striking  E.  50°  N.,  and  dipping  to  the  NW.  at  uu 

'Professor  Hitchcock  ('Geolog. of  Mii-siirlin<i!tls,'  'ol.  ii.  p.  678) 
givea  a  clonely  similnr  case  of  a  f^eenstuiie  diku  in  syenite. 

"Geological  Section  of  the  Brii.  Assoc'  IbW.  t'i>r  Sir  H.  Schom- 
borgk'B  obseiviitions,  sea  ' Geoijrapli.  Journal,'  IS42,  p.  1110.  Seo 
>lso  llumboldt's  discosiion  od  Loiodilsm  ia  the '  PereoDol  Narrative.' 
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angle  of  fifty  degrees.  Hence  all  tlie  observatioDB 
Kitherto  made  tend  to  show  tliab  the  gneissic  rocka 
over  the  whole  of  this  part  of  the  contineat  have  their 
folia  extending  generally  within  almost  a  point  of  the 
compass  of  the  same  direction.' 

liio  de  Janeiro. — This  whole  district  is  almost 
exclusively  formed  of  gneiss,  abounding  with  garnets, 
and  porphyritic  with  large  crystals,  even  three  and  four 
inches  in  length,  of  orthoclase  feldspar:  in  these 
crystals  mica  and  garnets  are  often  enclosed.  At  the 
western  base  of  the  Corcovado,  there  is  some  ferruginous 
carious  quartz-rock ;  and  in  the  Tijeuka  range,  much 
hue-grained  grauite. ,  I  observed  boulders  of  greenstone 
in  several  places ;  and  on  the  islet  of  VUiegiignon,  and 
likewise  on  the  coast  some  mites  northward,  two  large 
trappean  dikes.  The  porphyritic  gneiss,  or  gneiss- 
granite  as  it  has  been  called  by  Humboldt,  Js  only  so 
fJEir  foliated  that  the  constituent  minerals  are  arranged 
with  a  certain  degree  of  regularity,  and  may  be  said  to 
have  a  '  ffro,in,'  but  they  are  not  separated  into  distinct 
folia  or   laminae.     There  are,  however,  several   other 

'  I  lauded  al  onlj'  one  place  north  of  Buhia,  namely,  at  Pernam- 
booo.  I  (ournl  thcro  oiilj'  Si>tr,  horiz  ■iitBlly  strniilied  matler, 
fiinued  from  di-siiitt'^raled  granitic  rockii,  and  Eomc  yi'll'^wiKh  im- 
pure limeatuce.  pmUibly  of  a  tertiary  'poch.  I  have  dtscribort  a 
most  singular  uutural  bikr  of  liard  saiidatone,  whidi  protects  tlie 
b.irboui,  iuthe  Ap[X'udix  to  my  nork,  'Tbebtrucluie&ndDistTibulioD 
of  Coral  Keeis,'  ^nd  edit.  p.  Mb. 

AdboluosIsi.kth.  lot.  18°  S  fff  the  coart  of  Braxil. — Altbongh 
not  strictly  in  plnup,  I  do  not  know  wherelcan  more  convenienrly 
describe  tliis  little  p:raup  of  small  tslanda.  The  lowest  bed  is  a 
raod'tonc  niih  Icmiginous  vein» ;  it  weathers  into  an  extraordinary 
ti<in«j-comt>ed  m^Efi  ;  above  it  there  ia  a  dark-colourtd  arKillaucous 
Biiiile  ;  above  this  a  coarser  sandstone — making  a  total  thtukness  of 
about  sixty  fe(-( :  and  lustlj',  above  these  sfdimentary  lieds.  there  is 
a  liue  uoiiforniabie  mass  of  greenstone,  in  some  parts  liavrng  a 
DOlumnHr  ■triiclnre.  All  the  siratn,  as  well  as  tlie  Eurface  of  the 
land,  dip  at  an  snicle  of  nbuut  12°  to  N.  by  W,  Some  of  the  isleta 
aic  comijosed  ei.ticely  of  the  sedimentary,  others  of  tlie  trappean 
rocks,  teiierally,  however,  with  tlie  sandsiones  cropping  out  on  th» 
■outhern  shores. 
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rarieties  of  gneiss  regularly  foliated,  and  alteruatiug 
witb  each  other  ia  so-called  strata.  The  Btnttili cation 
and  foliation  of  the  crdioary  gneisses,  and  the  folia- 
tion or  'grain'  of  the  gneiss-granite,  are  parallel  to 
each  olhor,  aod  generally  strJIce  within  a  point  of  NE. 
and  yW".  dipping  at  a  high  angle  (between  offand  60') 
genorally  to  SE. :  so  that  here  again  we  meet  with  the 
strike  so  prevalent  over  the  more  norl-hern  part£  of  this 
continent.  The  moantains  of  gneiss-granite  are  to  a 
remarkable  degree  abraptly  conical,  which  sipeins  cans<ed 
by  the  rock  tending  to  exfoliate  in  thick,  conically 
concentric  layers:  these  peaks  resemble  in  shape  those 
of  phonolite  and  other  injected  rocks  on  volconio 
islands ;  nor  is  the  grain  or  foliation  (as  we  shall  afier- 
wanls  snp)  anv  diffionlly  on  the  idea  of  the  gni^iss- 
granite  having  been  an  intrnsive  rather  than  a  meta- 
morphic  formation.  The  lines  of  mountains,  but  not 
always  each  separate  hill,  range  nearly  in  the  same 
direction  witb  the  foliation  and  so^alled  stratification, 
but  nither  more  easterly. 

On  a  bare  gently  inclined  surface  of  the  porphyritio 
gneiss  in  Botofogo  Bay,  I  observed  the  appearance  here 
represented. 

A  fragment  seven  yards  long  and  two  in  width, 
with  angular  and  distinctly  defined  edges,  composed  of 
a  peculiar  variety  of  gneiss  with  dark  layers  of  mica 
and  garnets,  is  surrounded  on  all  sides  by  the  ordinary 
gneiss-granite;  both  having  been  dislocated  by  a 
granitic  vein.  The  folia  in  the  fragment  and  in  the 
surrounding  rock  strike  in  the  same  NNE.  and  SSW. 
line;  but  in  the  fragment  they  are  vertical,  whereas 
in  the  gneiss-granite  they  dip  at  a  small  angle,  as 
shown  by  the  arrows,  to  SSE,  This  fragment,  con- 
sidering its  great  size,  its  solitary  position,  and  its 
foliated  stroctura  parallel  to  that  of  the  snrronndlng 
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rock,  ia,  as  far  aa  I  know,  a  nniqae  case :  and  I  will 
not  attempt  any  explanation  of  its  ori^n. 

No.  38. 
FrBpnei^''  ul  UncUa  emlialiJe]  la  Aootlier  Turift}-  of  Che  same  rack. 


Tl  e  Tuug  travellers  '  in  tliis  coiint.iy,  have  all 

been  greatly  surprised  at  tlie  depth  to  whicli  the  gneiss 
and  other  gi-anitic  rocks,  ns  well  as  the  talcose  slates  of 
tlie  interior,  have  been  decomposed.  Near  Hio,  every 
mineral  except  thequartz  has  been  completely  softened, 
in  some  places  to  a  depth  little  less  than  one  hundred  feet.* 
The  minerals  retain  their  positions  in  folia  ranging  in 
the  usual  direction ;  and  fractured  quartz  veins  may  be 
traced  from  the  solid  rock,  running  for  some  distance 
into  the  softened,  mottled,  highly  coloured,  argillaceous 
mass.     It  is  oaid  that  these  decomposed  rocks  abound 

'Spis  nml  Hnrtius  have  coUecte'l.  in  nn  Appeniiix  tn  their 
'Travels,'  the  largc<it  bod}:  of  facts  on  iliisi  mibject.  Svi-,  ul!«,  some 
remarks  by  M.  Lund,  in  his  communicntiuiis  10  tho  Acailemy  at 
C'opcnlini:en ;  and  others  by  M,  Gniidic}inu'i.  in  Frpjcinet's '  Vovage.' 

•Ilr.  Itenzn  dpscrihes  granitic  rock  ('  Madras  Journal  of  Lit.'  tax 
Oct.  \KM\,  p  21G),  in  tbe  Ncelglierries,  deoomposed  to  a  depth  of 
forty  feet. 
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with  goma  of  various  kinds,  often  in  a  fractured  state, 
owing,  an  some  have  sapposcd,  to  the  collapse  of  gfodes, 
and  that  they  contain  gold  and  diamonda.  At  Rio,  it 
iippoared  to  me  that  the  gneiss  had  been  softened  befora 
the  ex<;avation  Cno  doubt  by  the  sea)  of  the  existing, 
broad,  flat^bottomed  valleys ;  for  the  depth  of  deconi- 
[jnsition  did  not  appear  at  all  conformable  with  the 
present  nnduiationa  of  the  surface.  The  porphyritic 
gneiss,  where  now  exposed  to  the  air,  stMsnis  to  with- 
sUnd  decomposition  remarkably  well;  and  I  could  see 
uo  signs  of  any  tendency  to  the  production  of  argilla- 
ceous masses  like  those  here  described.  I  was  also 
struck  with  the  fact,  that  where  a  bare  surface  of  this 
rock  sloped  into  one  of  the  quiet  bays,  there  were  no 
marks  of  erosion  at  the  level  of  the  water,  and  the 
part.s  both  beneath  and  above  it  preserved  a  uniform 
curve.  At  Bahia,  the  gneiss  rocks  are  similarly  decom- 
posed, with  the  upper  parts  insensibly  losing  their 
foliation,  and  passing,  without  any  distinct  line  of 
separation,  info  a  bright  red  argillaceous  earth,  includ- 
ing partially  rounded  fragments  of  quartz  and  granite. 
From  this  ciniumstance,  and  from  the  rocks  uppearing 
to  have  suffered  decomposition  before  the  excavation  of 
the  valleys,  I  suspect  that  here,  as  at  Rio,_the  decom- 
position took  place  imder  the  sea.  The  subject 
appeared  to  me  a  curious  one,  and  would  probably  well 
repay  careful  examination  by  an  able  mineralogist. 

The  Northern  Provineea  of  La  Plata. — According 
to  some  observations  communicated  to  me  by  Mr.  Fox, 
the  coast  from  Rio  de  Janeiro  to  the  month  of  the 
Plata  seems  everywhere  to  be  granitic,  with  a  few 
trajipean  dikes.  At  Port  Alegre,  near  the  boundary  of 
Brazil,  there  are  porphyries  and  diorites.'  At  the 
mouth  of  the  Plata,  I  examined  the  country  for  twenty- 
■  M.  Isabelle,  '  Voyage  &  Butnos  Ayrefl,'  p.  479. 
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five  mileB  west,  and  for  abont  serenty  mileB  Qortrh  of 
Maldonado:  near  this  town,  there  is  Bome  common 
gaeiss,  and  much,  in  all  parts  of  the  conatry,  of  a 
coarse-grained  mixture  of  quartz  and  reddish  feldspar, 
often,  however,  assuming  a  little  dark-green  imperfect 
hornblende,  and  then  immediately  becoming  Foliated. 
The  abrupt  hillocks  thus  composed,  as  well  as  tho 
highly  inclined  folia  of  the  common  varieties  of  gneiss, 
strike  NNE.  or  a  little  more  easterly,  and  SSW.  Clay- 
elate  is  occasionally  met  with,  and  near  the  L.  del 
Potrero,  there  is  white  marble,  rendered  fissile  from  the 
presence  of  hornblende,  mica,  and  asbestus  ;  the  cleavage 
of  these  rocks  and  their  stratification,  that  is  the  alter- 
nating masses  thus  composed,  strike  NNE.  and  SSW. 
like  the  foliated  gneisses,  and  have  an  almost  vertical 
dip.  The  Sierra  Larga,  a  low  range  five  miles  west 
of  Maldonado,  consists  of  quartzrte,  often  ferruginous, 
having  an  arenaceous  feel,  and  divided  into  excessively 
thin,  almost  vertical  lamina  or  folia  by  microscopically 
minute  scales,  apparently  of  mica,  and  striking  in  the 
usual  NNE,  and  SSW.  direction.  The  range  itself  is 
formed  of  one  principal  line  with  some  snboi'dinate 
ones;  and  it  extends  with  remarkable  uniformity  far 
northward  (it  is  said  even  to  the  confines  of  Braz.il),  in 
the  same  line  with  the  vertically  riblwned  quartz  rock 
of  which  it  is  composed.  The  S.  de  las  Animas  is  the 
highest  range  in  the  country;  I  estimated  it  at  1,000 
feet ;  it  runs  north  and  south,  and  is  formed  of  feld- 
Bpathic  porphyry ;  near  its  base  there  is  a  NNW.  and 
HSE.  ridge  of  a  conglomerate  in  a  highly  porphyritio 
basis. 

Northward  of  Maldonado,  and  south  of  Lfis  Jliiias, 
there  is  an  E.  and  W.  hilly  band  of  country,  some  miles 
in  width,  formed  of  siliceous  clay-slate,  with  some  quartz, 
rock  and  limestone,  having  a  tortuous  irregular  cleav- 
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B^,  g^DCnDr  nnsutg  t»at  and  ntst,  EL  ftod  SC-  ttf 
Lm  H.'BM  titers  »  s  ooafased  dtsCrict  of  inpnriect 
meisB  and  iKBiitisted  qgautz,  with  the  biHa  ranging  in 
micFM  ffirectioiM,  bat  widi  eacb  BefMnte  hill  genaally 
rvmung  in  the  nUDe  line  witli  the  Mia  dT  the  rada  sf 
wbieh  it  is  oomposB)! :  this  eonfusion  sppean  b>  hara 
i«>eo  (xnoed  bv  the  isl^t^ectinn  of  the  [^C  mnA  W.]  and 
[MNB.  and  SSW.]  RnJces.  Northvud  of  Los  Minas, 
the  mom  legnUr  aottbaif  mnges  pmdoaiiiiate :  Irom 
tfait  place  to  new  I^rianco,  we  meet  wkh  the  coaao- 
gruned  nixtaie  of  quarts  aod  ftldqiar,  often  with  tba 
imperfect  borableade.  and  then  becomiag  Ibtiatfd  in 
a  N.  and  8.  line — with  imperfect  claj-elate,  incladtag 
laminx  of  red  crvstallified  (mdspnr — with  whiu^  or  black 
iTiirli!--  -■:■■■■■".'■, '-5  ojalaining'  a-V-:^',:.:  aiil  cr\ -i.'iU  of 
gvpsnm — with  qnartz-rock — with  syenite — and  lastlv, 
with  mach  granite.  The  marble  and  granite  altematd 
repf^tedly  in  apparently  vertical  mas=es :  eome  miles 
northward  of  the  Polanco,  a  wide  district  is  said  to  be 
entirely  composed  cf  marble.  It  is  remarkable,  how 
rare  mica  is  id  the  whole  range  of  conntry  north  and 
westward  of  ilaldonado.  Throughout  this  district,  the 
cleava^  of  the  clay-slate  and  marble — the  foliation  of 
the  gneiss  and  the  qoartz — the  stratification  or  alter- 
nating masses  of  these  several  rocks — and  the  range 
of  the  hills,  all  coincide  in  direction;  and  although  the 
country  is  only  hilly,  the  planes  of  division  are  almost 
everywhere  very  highly  inclined  or  vertical. 

Some  ancient  submarine  volcanic  rocks  are  worth 
mentioning,  from  their  rarity  on  this  eastern  side  of 
the  continent.  In  thevalley  of  the  Tapaa  (fifty  or 
Bijcty  miles  N.  of  Maldonado)  there  is  a  tract  three 
or  four  miles  in  length,  composed  of  various  trappeaa 
rocks  with  glassy  feldspar— of  apparently  metamorphosod 
grit-stones — of  purplish  amygdaloids  with  large  kcmeli 
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of  carbonate  of  lime  '— nnd  mui  i  -irately 

with  glasKy  feldspar  iulermediata 
claystone  poqiliyry  and  trachyte.  \ 
in  one  spot  remarkable  from  being 
lined    with    quartz    crystals,  and  \ 
dipping  at  an  angle  of  50°  to  tb 
parallel  to  tbe  foliation  of  an  adjd 
of  the  common  mixture  of  quarta 
perfect   horablende  :     tliia  fact   pen 
these  volcanic    rocka    have    bt^en    iJietamorphoBcd,  and 
their  constituent  parts  re-arranged,  at  the  same  time 
and  according  to  the  same  laws,  with  the  granitic  and 
metamorpbic  formations  of  this  whole  region.     In  the 
valley  of  the   ilarmaraya,  a  few  miles   south   of   the 
Tapas,  a  band  of  trappean   and    amygdaloidal  rock  is 
interposed  between  a  hill  of  granite  and  an  extensive 
snrrounding  formation  of  red  conglomerate,  which  (like 
that  at  the  foot  of  the  S.  Animas)  has  its  basis  porphy- 
ritic  with   ci'vstals  of  feldspar,  and  which  hence  has 
certainly  suffered  metamorphosis. 

Monte  Video. — The  rocks  here  consist  of  several 
varieties  of  gneiss,  with  the  feldspar  often  yellowish, 
granular  and  imperfectly  crystallised,  alternating  with, 
and  passing  insensibly  into,  beds,  from  a  few  yards  to 
nearly  a  mile  in  thickness,  of  fine  or  coarse  grained, 
dark-green  hornbleadic  flat*";  this  again  often  passing 
into  chloritic  schist.  These  pdssagea  seem  chiefly  due 
to  changes  in  the  mica,  and  its  replacement  by  or^ier 
minerals.  At  Bat  Island  I  examined  a  mass  of  chluril  ic 
Bchifit,  only  a  few  yards  square,  irregularly  surrounded 
on  all  sides  by  the  gneiss,  and  intricately  penetrated 
by  many  curvilinear  veins  of  quartz,  which  gradually 
blend  into   the  gneiss :    the  cleavage  of  the  chloritic 

'  Near  the  Pan  da  Aincar  ttete  is  some  greeniih  porphyry,  InoiM 
place  amjgdaloidal  with  agate. 


age,  p'and  the  foliation  of  the  goeisa  were  exactly 
Larallel.  Eastward  of  the  city  tliere  is  mudi  fine- 
/j^ined  dark-coloured  gneiaa,  almost  assumiug  the 
character  of  hornblende-slate,  wMch  alternates  in  thin 
laminEe  with  laminjB  of  quartz,  the  whole  mass  b«inj^ 
transversely  intersected  by  numerous  large  veins  of 
quartz :  I  particularly  observed  that  these  veins  wer» 
absolutely  continuous  with  the  alternating  laminie  of 
quartz.  In  this  case  and  at  Rat  Island,  the  passage  of 
the  gneiss  into  imperfect  hornblendic  or  into  chloritio 
Blate,  seemed  to  be  connected  with  the  eegregatiou  of 
the  veiojs  of  quartz.' 

The  Mount,  a  hill  believed  to  be  450  feet  in  height, 
from  which  the  place  takes  its  name,  ia  much  the 
highi-'st  land  in  tUh  tieiijhl.oiirhniid  ;  it  con.slsfs  of  horn- 
blendic slate,  which  (except  on  the  eastern  and  disturbed 
base)  has  an  east  and  west  nearly  vertical  cleavage; 
the  longer  axis  of  the  hill  also  ranges  in  this  same  line. 
Near  the  summit  the  hornblende-slare  gradually  be- 
comes more  and  more  coarsely  crystallised,  and  less 
plainly  laminated,  until  it  passes  into  a  heavy,  sonorous 
greenstone,  with  a  slaty  conchoidal  fracture  ;  the 
lamina  on  the  north  and  south  sides  near  the  summit 
dip  inwards,  as  if  this  upper  part  had  expanded  or 
bulged  outwards.  This  greenstone  must,  I  conceive,  be 
considered  as  metamorphosed  hornblende-slate.  The 
Cerrito,  the  next  highest,  but  much  less  elevated 
point,  is  almost  similarly  composed.  In  the  more 
western  parts  of  the  province,  besidea  gneiss,  there  ia 
quartz-rock,  ayenit«,  and  granite ;  and  at  Colla,  I  heard 
of  marble. 

'  Mr.  Oreenoitgh  (p.  T9, '  Critical  GxamiDation,'  &c.)  obEerTes  that 
qnarti  in  micaslata  sometimes  appears  in  beds  and  aometimes  in 
Teim.  Von  lluch  also,  in  bla  '  Travels  in  Norwa? '  (p.  236),  remarlu 
on  alteroatiog  Umins  of  quartz  aud  hombleode-alat«  replacing  mica- 
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Near  M.  Video,  the  space  which  I  more  accurately 
esarained  waB  about  fif^«en  miles  in  an  east  and  west 
line,  and  here  I  found  the  foliation  of  the  gaeiss  and  the 
cleavage  of  the  slates  generally  well  developed,  and  ex- 
tending parallel  to  the  alternating  strata  composed  of  the 
gneiss,  homblendic  and  chloritic  schists.  These  planes 
of  division  all  range  within  one  point  of  east  and  west, 
frequently  east  by  south  and  west  by  north ;  their  dip 
is  generally  almost  vertical,  and  scarcely  anywhere 
under  45°:  this  fact,  considering  how  slightly  undnla- 
tory  the  surface  of  the  country  is,  deserves  attention. 
Westward  of  it.  Video,  towards  the  Uruguay,  wherever 
the  gneiss  is  exposed,  the  highly  inclined  folia  are 
seen  striking  in  the  same  direction  ;  I  must  except  one 
spot  where  the  strike  was  NW,  by  W.  The  little 
Sierra  do  S.  Juan,  formed  of  gneiss  and  laminated 
quartz,  must  also  be  excepted,  for  it  ranges  between 
[N.  to  NE.]  and  [S.  to  SW.]  and  seems  to  belong  to 
the  same  system  with  the  hills  in  the  Maldonado 
district.  Finally,  we  have  seen  that,  for  many  miles 
northward  of  Maldonado  and  for  twenty-five  miles 
westward  of  it,  as  far  as  the  S.  de  las  Animas,  the  folia- 
tion, cleavage,  so-called  stratification  and  lines  of  hills, 
all  ranges  NNE.  and  SSW.,  which  is  nearly  coincident 
with  the  adjoining  coast  of  the  Atlantic.  Westward  of 
t-he  S.  de  las  Animas,  as  far  as  even  the  Uruguay,  the 
foliation,  cleavage,  and  stratification  (but  not  lines  of 
hills,  for  there  are  no  defined  ones)  all  range  about  E. 
by  8.  and  W.  by  N.,  which  is  nearly  coincident  with 
the  direction  of  the  northern  shore  of  the  Plata :  in  the 
confused  country  near  Las  Minas,  where  these  two  great 
systems  appear  to  intersect  each  other,  the  cleavage, 
foliation,  and  stratification  run  iu  various  directions, 
but  generally  coincide  with  the  line  of  each  separata 
hill. 


SfftUheni  La  Plata. — The  tiret  ridge,  south  of  tlia 
Plattt,  which  projedrS  through  the  Panipeaa  foniiatioo, 
in  tho  Siorrn  Tupalguen  and  Vulcan,  Bituated  200  tnilea 
southward  of  thu  district  just  describtd.  This  ri<ige  is 
only  tt  fnw  hundred  feet  in  heiglit,  aad  rnns  frota  C. 
Comciitca  in  a  WNW.  line  for  at  least  150  miles  info 
the  iuterior  :  ut  Tapalgaen,  it  ia  composed  of  uostrati- 
lifd  j^niiiiiiiir  ipitirtz,  reraarkabla  from  formiDg  tAbnlar 
maeeee  and  small  plains,  surrounded  by  precipitous  cliHa: 
otlier  parts  of  the  range  are  said  to  consist  of  graiiiU:: 
and  miirble  is  found  at  the  8.  Tinta.  It  appears  from 
M.  Parchappe's '  observations,  that  at  Tandil  there  is  a 
range  of  (junrtzose  gneiss,  very  like  the  rocks  of  the  S. 
Lfu-gu  near  Maldonudo,  running  in  the  same  NN  E.  and 
SSW.  direction  ;  so  that  the  framework  of  the  oonntry  ^ 
hern  is  very  similar  to  that  on  the  northern  shore  of 
the  I'liibi. 

The  Sierra  Guitru-gneyn  is  situated  sixty  miles 
south  of  the  S.  Tapalguen:  it  consists  of  numerous 
.paralkil,  Bometinies  blended  together  ridges,  about 
twenty-three  miles  in  width,  and  500  feet  in  height 
above  the  piatn,  and  extending  in  a  NW.  and  SE. 
direction.  Skirting  round  tho  extreme  SE.  termination, 
I  ascended  only  a  few  points,  which  were  composed  of 
a  fine-grnioed  gneiss,  almost  composed  of  feldspar  with 
a  little  mica,  and  piiasing  in  the  upper  parts  of  the 
hills  into  a  rather  compact  purplish -clay  state.  The 
cleiivfige  was  nearly  vertical,  striking  in  a  NW.  by  W. 
and  SE,  by  E.  line,  nearly,  though  not  quite,  coinci- 
dent with  the  direction  of  the  (wirallel  ridges. 

The  Sierra  Ventana  lies  close  south  of  that  of  Guitro- 
gueyu ;  it  is  remarkable  from  attaining  a  height,  very 

'  M.  d'Orbigny'a  '  Voyage,  Part.  Qfolog.'  p.  46.  I  have  given  • 
short  ncoonnlof  the  peculiar  forms  of  the  quartiiiiUsof  Tapalaiirtti, 
to  umipunl  In  a  nn'tamnrphic  formatioD,  in  m;  '  Jouiual  of  11^ 
hbtqJiu'  (2nd  »dlt.),  p.  illi. 
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unusual  od  this  side  of  the  cDntinent,  of  3,340  feet.  It 
consists  up  to  its  Bummit,  of  quartz,  generally  pure  and 
white,  but  sometimes  reddish,  and  divided  ioto  thick 
laminte  or  strata:  in  one  part  there  is  a  little  glossy 
clay-slate  with  a  tortnous  cleayage.  The  thick  layers 
of  qnartz  strike  in  a  W.  30°  N.  line,  dipping  southerly 
at  an  angle  of  45°  and  upwards.  The  principal  line  of 
mountains,  with  some  quite  subordinate  parallel  ridges, 
range  about  W.  45'^  N, :  but  at  their  SB.  termination, 
only  W.  26'^  N,  This  Sierra  is  said  to  extend  between 
twenty  and  thirty  leagues  into  the  interior. 

Patagonia. — With  the  exception  perhaps  of  the 
hill  of  S.  Antonio  (600  feet  high)  in  the  Gulf  of  S. 
Matias,  which  has  never  been  visited  by  a  geologist, 
crystalline  rocks  are  not  met  with  on  the  const  of  Pata- 
gonia for  a  space  of  380  miles  south  of  the  S,  Ventana. 
At  this  point  (lat.  43°  50'),  at  Points  Union  and  Tombo, 
plutonic  rocks  are  said  to  appear,  and  are  found,  at 
rather  wide  intervals,  beneath  the  Patai^onian  tertiary 
formation  for  a  space  of  about  300  miles  southward,  to 
near  Bird  Island,  in  lat.  48°  5fi'.  Jndging  from  speci- 
mens kindly  collected  for  me  by  Mr.  Stokes,  the  pre- 
vailing rock  at  Ports  St.  Elena,  Caraerones,  Malaspina, 
and  as  far  (>outh  as  the  Paps  of  Pinnda,  is  a  purplish- 
pink  or  brownish  claystone  porphyry,  sometimes  la- 
minated, sometimes  slightly  vesicular,  with  crystals  of 
opaqne  feldspar  and  with  a  few  grains  of  quartz ;  hence 
these  porphyries  resemble  those  immediately  to  be  de- 
scribed at  Port  Desire,  and  likewise  »  series  which  I  have 
seen  from  P.  Alegre  on  the  southern  confines  of  Bru/.il. 
This  porphyritic  formation  further  resembles  io  a 
singularly  close  manner  the  lowest  stratified  formation 
of  the  Cordillera  of  Chile,  which,  as  we  shall  hereafter 
see,  has  a  vast  range,  and  attains  a  great  thickness. 
At  the  bottom  of  the  Gnlf  of  St.  George,  only  tertiaij 


&I  Ub;  tkM  BDrt-  .:  —  __.  l._^-  ...  i_,i  _i 
k^^lL  He  Mimlft  have  m  Mx-eai.  plACM  b^n  tdced 
rt  ^^  ngln.  e^DanOf  n^er  to  NNW.  cr  SSK. 
Bf  gi'Mlaal  inaaigw  and  iftu  MtaiB,  tlie  porpfajries 
•baflB  iinawiitTj-  m  aatmwm.  I  wOI  descnbe  onlf 
MMM  «f  &•  tBiwi||J  naenlagical  chaoges,  vhid  He 
Wg^  aatncOTC.  and  which  I  cuvfollT  exuniaed.  , 
TV  fWerai'  r.-  -  j  ^  ■  ■  -  '  ;  -  -■  —,  -rirh 
crystaid  of  earthv  or  opaqae  feldspar,  and  often  with  grsjos 
of  qnartz.  There  are  other  variecies.  with  an  almost  troly 
trachjtic  ba.'^,  fall  of  little  an^Iar  Te^sicles  and  crystals 
of  ^la-^sy  fclilspar;  and  there  are  beds  of  black  perfect 
pitchstone,  aa  well  as  of  a  concretionary  imperfect 
variety.  On  a  caanal  inspection,  the  whole  series  would 
be  thonght  to  be  of  the  same  platonic  or  Tolcanio 
nature  with  the  tracbvtic  varieties  and  pitchstone  ;  bat 
this  iij  far  from  being  the  case,  as  mnch  of  the  porphyry 
is  certainly  of  metamorphic  ori^n.  Besides  the  true 
porphyries,  there  are  many  beds  of  earthy,  quite  white 
or  yellowish,  friable,  easily  fnsible  matter,  resemblinfj 
chalk,  which  nnder  the  microscope  is  Eeen  to  consist  of 
minnte  broken  crystals,  and  which,  as  remarked  in  a 
former  chapter,  singularly  resembles  the  upper  tufaceons 
beta  of  the  Patagonian  tertiary  formation,  Tbia  earthy 
Bobatance  oftt:n  becomes  coarser,  and  contains  minnte 
ronrided  frj^ments  of  porphyries  and  rounded  grains  of 
ijuai'tz,  and  in  one  cose  so  many  of  the  latter  aa  to 
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resemble  a  common  sandstone.  These  beds  are  sometimes 
marked  with  true  lines  of  aqueona  deposition,  separat- 
ing particles  of  different  degrees  of  coarseness ;  in  other 
cases  there  are  parallel  ferrnginons  lines  nol  of  true 
deposition,  as  shown  bj  the  arrangement  of  the  par- 
ticles, though  singularly  resembling  them.  Ilie  more 
indurated  varieties  ofl^eu  include  manj  small  and  some 
larger  angular  cavities,  which  appear  due  to  the  re- 
.  noval  of  earthy  matter :  some  varieties  contain  mica. 
All  these  earthy  and  generally  white  stones  insensibly 
pass  ioto  more  indurated  sonorous  varieties,  breaking 
with  a  conchoidal  fracture,  yet  of  small  specific  gravity  ; 
many  of  these  latter  varieties  assume  a  pale  purple  tint, 
being  singularly  banded  and  veined  with  different  shades, 
and  often  become  plainly  porphyritic  with  crystals  <A 
feldspar.  The  formation  of  these  crystals  conld  be 
most  clearly  traced  by  minute  angular  and  often  par- 
tially hollow  patches  of  earthy  matter,  first  assuming  a 
fibrous  siruclure,  then  passing  into  opaque  imperfectly 
shaped  crystals,  and  lastly,  into  perfect  glassy  crystals. 
When  these  crystals  have  appeared,  and  when  the 
basis  has  become  compact,  the  rock  in  many  places 
conld  not  be  distinguished  from  a  true  claystone  por- 
phyry without  a  trace  of  mechanical  structure. 

In  some  parts,  these  earthy  or  tufaceous  beds  pass 
into  jaspery  and  into  beautifully  mottled  and  banded 
porcelain  rocks,  which  break  into  splinters,  translncent 
at  their  edges,  hard  enongh  to  scrateh  glass,  and  fusible 
into  white  transparent  beads :  grains  of  quartz  included 
in  the  porcelainous  varieties  can  be  seen  melting  into 
the  enrronnding  paste.  In  other  parts,  the  earthy  or 
tufaceous  beds  either  insensibly  pass  into,  or  alternate 
with,  breccias- composed  of  targe  and  small  fragments 
of  varioBB  purplish  porphyries,  with  the  matrix  gene* 
rally   porphyritic:    these   breccias,   though  their  sob- 
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aqucxjna  origin  is  in  many  places  ah  own  both  by  the 
arrangement  of  their  smaller  particles  and  by  an  obliqua 
or  current  lamination,  also  pasa  into  porphyries,  ia 
which  every  trace  of  mechanical  origin  and  Btratifica- 
tion  has  been  obliterated. 

Soma  highly  porphyritio  though  coarse-grained 
masses,  evidently  of  sedimentary  origin,  and  divided 
into  thin  layers,  difi'eriog  from  each  other  chie9y  in 
the  number  of  embedded  grains  of  quarts:,  interested 
me  mach  frura  the  peculiar  manner  in  which  here  and 
there  some  of  the  layers  terminated  in  abrupt  points, 
quite  unlike  those  produced  by  a  layer  of  sediment 
naturally  thinning  out,  and  apparently  the  result  of  ft 
subserpient  process  of  metamorphic  aggregation.  Ia 
another  common  \':iri<.-tv  of  a  finer  texture,  the  afrgra- 
gating  process  had  gone  further,  for  the  whole  mass 
consisted  of  quit«  short,  parallel,  often  slightly  curved 
layers  or  patches,  of  whitish  or  reddish  finely  granulo- 
crystalline  feldspathic  matter,  generally  terminating  at 
both  ends  in  blunt  points ;  these  layers  or  patches  fur- 
ther tended  to  pass  into  wedge  or  almond  shaped  little 
masses,  and  these  finally  into  true  crystals  of  feldspar, 
with  their  centres  often  slightly  drusy.  The  aeries  was 
BO  perfect  that  I  could  not  doubt  that  these  large 
crystals,  which  had  their  longer  axes  placed  parallel  to 
each  other,  had  primarily  originated  in  the  mebamoi> 
phosis  and  aggregation  of  alternating  layers  of  taff; 
and  hence  their  parallel  position  must  be  attributed 
(unexpected  though  the  conclusion  may  be),  not  to 
laws  of  chemical  action,  but  to  the  original  planes  of 
deposition.  I  am  tempted  briefly  to  describe  three 
other  singular  allied  varieties  of  rock;  the  firat  with- 
out examination  would  have  passed  for  a  stratified 
porphyritic  breccia,  but  all  the  included  angular  frag- 
ments consisted  of  a  border  of  pinkish  ciystalline  fold* 
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spathic  matter,  Burronnding  a  dark  traDslnceiit  siliceous 
centre,  in  wbict  grains  of  quartz  not  quite  blended 
into  the  paste  could  be  distinguished :  this  nniformity 
in  the  nature  of  the  fragmente  showe  that  they  are  not 
of  mechanical,  but  of  concretionary  origin,  having  re- 
sulted perhaps  from  the  self- breaking  up  and  aggrega- 
tion of  layers  of  indurated  tnfiF  containing  numerona 
grains  of  qaartz, — into  which,  indeed,  the  whole  mass 
in  one  part  passed.  The  second  variety  is  a  reddish 
non-porphyritic  clay  stone,  quite  full  of  spherical 
cavities,  about  half  an  inch  in  diameter,  each  lined  with 
a  collapsed  crust  formed  of  crystals  of  quartz.  Hie 
third  variety  also  consists  of  a  pale  purple  non-porphy- 
ritic claystone,  almost  wholly  formed  of  concretionary 
balls,  obscurely  arranged  in  layers,  of  a  less  compact 
and  paler  coloured  claystone;  each  ball  being  on  on© 
side  partly  hollow  and  lined  with  crjstals  of  quartz. 

Pseudo-Dikes. — Some  miles  up  the  harbour,  in  a 
line  of  cliffs  formed  of  slightly  metamorphosed  tuface- 
ouB  and  porphyritic  claystone  beds,  I  observed  three 
vertical  dikes,  so  closely  resembling  in  geners!  appear- 
ance ordinary  volcanic  dikes,  that  I  did  not  doubt, 
until  closely  examining  their  composition,  that  they 
had  been  injected  from  below.  The  first  is  straight, 
with  parallel  sidus,  and  about  four  feet  wide ;  it  con- 
sists of  whitish,  indurated  tufaceous  matter,  precisely 
like  some  of  the  beds  intersected  by  it.  The  second 
dike  is  more  remarkable ;  it  is  slightly  tortuous,  about 
eighteen  inches  thick,  and  can  be  traced  for  a  con- 
siderable distance  along  the  beach;  it  is  of  a  purplish- 
red  or  brown  colour,  and  is  formed  chiefly  of  rounded 
grains  of  quartz,  with  broken  crystals  of  earthy  feld- 
spar, scales  of  black  mica,  and  minut«  fragments  of 
claystone  porphyry,  all  firmly  united  together  in  a  hard 
Bporing  base.   The  structure  of  this  dike  shows  obviously 
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Uiftt  it  is  of  mechanical  and  sedimentary  origin ;  yet 
it  iLinned  out  upwards,  and  did  not  cut  through  tha 
uppermost  Etrata  in  the  cliffs.  This  fact  at  first  appeara 
to  indicate  that  the  matter  could  not  have  been  washed 
in  from  above ; '  but  if  we  reflect  on  the  suction  which 
would  result  from  a  deep-8eated  fissure  being  formed, 
we  may  admit  that  if  the  fissure  were  in  any  part  open 
to  the  surface,  mud  and  water  might  well  be  drawn 
into  it  along  its  whole  course.  The  third  dike  consisted 
of  a  hard,  rough,  white  rock,  almost  composed  of  broken 
cryetals  of  glassy  feldspar,  with  numerous  scales  of  biack 
mica,  cemented  in  a  scanty  base ;  there  was  little  in 
the  appearance  of  this  rock,  to  preclude  the  idea  of  its 
having  been  a  true  injected  feldspathic  dike.  Tho 
mutter  composing  thfse  three  ps(.'udo-dil;<.'s,  especially 
the  second  one,  appears  to  have  suffered,  like  the  sur- 
rounding strata,  a  certain  degree  of  metamorphio 
action ;  and  this  has  much  aided  the  deceptive  appear- 
ance. At  Bohia,  in  Brazil,  we  have  seen  that  a  true 
injected  homblendic  dike,  not  only  has  suffered  meta- 
morphosis, but  has  been  dislocated  and  even  diffused 
in  the  surrounding  gneiss,  under  the  form  of  separate 
crystals  and  of  fragments. 

Falkland  Islands. — I  have  described  these  islands 
in  a  paper  publis^hed  in  the  third  volume  of  the '  Geo- 
logical Journal.'  The  mountain-ridges  consist  of  quartz, 
and  the  lower  country  of  clay-slate  and  sandstone,  the 
latter  containing  palaeozoic  fossils.  These  fossils  have 
been  separately  described  by  Messrs.  Morris  and  Sharpe: 
some  of  them  resemble  Silnrian,  and  others  Devonian 
forms.  In  the  eastern  part  of  the  group  the  several 
parallel  ridges  of  quartz  extend  in  a  west  and  east  line ; 

■  UpfiJIcd  fiesures  are  known  to  occur  both  in  volcanic  and  in 
ordinaiy  EedimeDlar;  fomiatioDB.  At  the  Gahipfigos  Archipelago 
(Bee  Chapter  V.  of  this  nork),  there  are  Bome  striking  examples  of 
pHodo-dikes  oompoted  of  hard  toff 
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bat  farther  westward  the  line  becomes  WNW.  and  ESE., 
and  even  still  more  northerly.  The  cleavage-planes  of 
the  clay-slate  are  Jiighly  inclined,  generally  at  an  angle 
of  above  50°,  and  often  vertical;  they  strike  almost 
invariably  in  the  same  direction  with  the  quartz  ranges. 
The  outline  of  the  indented  shores  of  the  two  main 
islands,  and  the  relative  positions  of  the  smaller  islets, 
accord  with  the  strike  both  of  the  main  axes  of  elevation 
and  of  the  cleavage  of  the  clay-slate. 

Tierra  del  Fuego. — My  notes  on  the  geology  of 
this  country  are  copious,  but  as  they  are  unimportant, 
and  as  fossils  were  found  only  in  one  district,  a  brief 
sketch  will  be  here  suflBcient.  The  east  coast  from  the 
Straits  of  Magellan  (where  the  boulder  formation  is 
largely  developed)  to  St.  Polycarp's  Bay  is  formed  of 
horizontal  tertiary  strata,  bounded  some  way  towards 
the  interior  by  a  broad  mountainous  band  of  clay-slate. 
This  great  clay-slate  formation  extends  from  St.  Le 
Maire  westward  for  140  miles,  along  both  sides  of  the 
Beagle  Channel  to  near  its  bifurcation.  South  of  this 
channel,  it  forms  all  Navarin  Island,  and  the  eastern 
half  of  Hoste  Island  and  of  Hardy  Peninsula ;  north  of 
the  Beagle  Channel  it  extends  in  a  north-west  line  on 
both  sides  of  Admiralty  Sound  to  Brunswick  Peninsula 
in  the  Straits  of  Magellan,  and  I  have  reason  to  believe, 
stretches  far  up  the  eastern  side  of  the  Oordiilera.  The 
western  and  broken  side  of  Tierra  del  Fuego  towards 
the  Pacific  is  formed  of  metamorphic  schists,  granite 
and  various  trappean  rocks :  the  line  of  separation  be- 
tween the  crystalline  and  clay-slate  formations  can 
generally  be  distinguished,  as  remarked  by  Captain 
King,^  by  the  parallelism  in  the  clay-slate  districts  of 
the  shores  and  channels,  ranging  in  a  line  between 
[W.  20°  to  40°  N.]  and  [E.  20°  to  40°  S.]. 

'  *  Geographical  JoamaV  vol.  i  p.  166. 
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The  clay-slate  is  generally  fissile,  sometimes  siliceouB 
or  ferruginous,  with  veins  of  quartz  and  calcareous 
spur ;  it  often  assumes,  especially  on  the  loftior  moun- 
tains, an  altered  feldspiithic  character,  passing  into 
feldspatUic  porphyry :  occasionally  it  is  associated  with 
breccia  and  grauwacke.  At  Good  Success  Bay,  there 
is  a  little  intercalated  black  crystalline  limestone.  At 
Port  Famine  much  of  the  clay-slate  ia  calcareous,  and 
passes  either  into  a  mudstone  or  into  grauwacke,  in- 
cluding odd-shaped  concretions  of  dark  argillaccoua 
limestone.  Here  alone,  on  the  shore  a  few  miles  north 
of  Port  Famine,  and  on  the  summit  of  Monnt  Tarn 
(2,600  feet  high),  I  found  organic  remains;  they  con- 
sist of: — 

1.  AncylocerM  BimplBi,  li'Orbig, '  PaL  FrBno.'(Pl.  V.  f.  2)  Mount  Tarn. 

2.  FnMis(mimpoif.-ol  stiilo)  do. 

3.  Natica  do.  do. 

4.  PentHcrimna      do.  do. 

6.  Lucina  eicentrica.  G.  B.  Sowerby  (PI.  V.  flg.  21),  Port  Faratoe. 

6.  Testis  (m  impcrfitut  state)  do. 

7.  TnrbinoliaJ    do.  do. 
B.  BamiCes  elatior,  Q.  B.  Sowerbj,  do. 

M.  d'Orbigny  states'  that  MM.  Hombron  and 
Grange  found  in  this  neighbourhood  an  Ancyloceras, 
perhaps  A.  simplex,  an  Ammonite,  a  Plicatula  and 
Modiola.  M.  d'Orbigny  believes  from  the  general 
character  of  these  fossils,  and  from  the  Ancyloceras 
being  identical  (as  far  as  its  imperfect  condition  allows 
.  of  comparison)  with  the  A.  simplex  of  Europe,  that 
the  formation  belongs  to  an  early  stage  of  the  Cretaceous 
system.  Professor  E.  Forbes,  judging  only  from  my 
specimen s,  concurs  in  the  probability  of  this  conclusion. 
The  Hwmites  elaiior  of  the  above  list,  of  which  a  de- 
scription is  given  by  Mr.  Sowerby  in  the  Appendix,  and 
which  is  remarkable  from  its  large  sixe,  has  not  been 
'  '  Vojage,  Fart.  G6olog.'  p.  212. 


J 
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Been  either  by  M.  d'Orbigny  or  Profeaaor  E.  Forbea,  as, 
eince  my  return  to  England,  the  apecimena  liave  been 
lost.  The  gi-eat  clay-slate  formation  of  Tierra  del  Fnego 
being  cretaceous,  is  certainly  a  very  interesting  fact,— 
whether  we  consider  the  appearance  of  the  conntry, 
which,  without  the  evidence  afforded  by  the  foasils, 
would  form  the  analogy  of  most  known  districts,  pro- 
bably have  been  considered  as  belonging  to  the  Palseiv 
zoic  series, — or  whether  we  view  it  as  showing  that  the 
age  of  this  terminal  portion  of  the  great  axis  of  South 
America,  is  the  same  (as  will  hereafter  be  seen)  with 
the  Cordillera  of  Chile  and  Pern. 

The  clay-slate  in  many  parts  of  Tierra  del  Fuego, 
is  broken  by  dikes '  and  by  great  masses  of  greenstone, 
often  highly  hornblendic:  almost  all  the  small  ialeta 
within  the  clay-sIate  districts  are  thus  composed.  The 
slate  near  the  dikes  generally  becomes  paler-coloured, 
harder,  less  fissile,  of  a  feldspathio  nature,  and  passes 
into  a  porphyry  or  greenstone :  in  one  case,  however, 
it  became  more  fissile,  of  a  red  colour,  and  contained 
minute  scales  of  mica,  which  were  absent  in  the  un- 
altered rock.  On  the  east  side  of  Ponsonby  Sound, 
some  dikes  composed  of  a  pale  sonorous  feld^athic 
rock,  porpliyritic  with  a  little  feldspar,  wore  remarkable 
from  their  number, — there  being  within  the  space  of  a 
mile  at  least  one  hundred, — from  their  nearly  equalling 
in  bulk  the  intermediate  slate, — and  more  especially 
from  the  excessive  fineness  (like  the  finest  inlaid  car- 
pentry) and  perfect  parallelism  of  their  junctions  with 
the  almost  vertical  lamime  of  clay-slate.  I  was  unable 
to  pei'suade  myself  that  theae  great  parallel  masses  hud 
been  injected,  until  I  found  one  dike  which  abruptly 
■  In  a  greenstoce'dike  in  the  Magijakn  Cbannel,  the  feldspar 
cleaved  with  the  a^igle  of  albite.  This  dike  was  crossed,  as  well  as 
the  Burroundiug  elate,  bf  a.  lai^e  vein  of  quarti,  a  circumstanoa  of 
unusual  a< 


Turjn  delFiugo, 


ibiiued  oat  to  Inlf  its  thit^nesA,  and  had  one  of  ha 
"^n^  j^gg^  '^■^  tagmemts  of  th«  ^Ate  aabeilded 
in  it. 

In  sooUieni  T.  del  Pnego,  tbe  cUv-sUte  towards 
its  SW.  boimdvy,  becones  mnch  klti^r^  anid  feld- 
^thic.  Tbm  OB  WoUastoo  Isbod  elate  and  gnniracke 
em  be  distioctlf  tnoed  paasng  into  feldsfwtlnc  rcckB 
greeOBtones,  inclndUig  inm  pvrite^  aLd  ejndote, 
fcot  still  retaining  tracM  cf  cleavage  with  th«  Dsnal 
i^triko  and  dip.  One  aodi  taetamorpbosad  mass  iras 
tnverEed  hf  brge  rein-tika  maisea  of  a  bpaattfol 
mixture  (aa  astasrlained  by  Pnfeasor  Uiller)  of  greea 
epidote,  garnets,  and  white  calcareotm  spar.  On  the 
nortliem  point  of  this  same  island,  there  were  rarioDa 
-:!  ■■!  irir.e  TolcaTiJc  n^cks,  consistins  of  amys- 
daloida  with  dark  bole  and  agate, — of  basalt  with 
d'-coniposed  olivine, — of  compact  lava  with  gias.'y 
feldspar, — and  of  a  coarse  conglomerate  of  red  scoriae, 
parts  being  amygdah  lidal  with  carbonate  of  lime.  The 
Bouthem  part  of  Wollaston  Island  and  the  whole  of 
Hermlte  and  Horn  Islands,  seem  formed  of  cones  of 
greenstone:  the  outlying  islets  of  II  Defenso  and  D. 
Raroinez  are  said'  to  consist  of  porphyritic  lava.  In 
crossing  Hardy  Peninsula,  the  slate  still  retaining 
traces  of  its  usual  cleavage,  passes  into  columnar  feld- 
epathic  rocks,  which  are  succeeded  by  an  irregular  tract 
of  trappean  and  basaltic  rocks,  containing  glassy  feld- 
eptr  and  much  iron  pyrites :  there  is,  also,  some  harsh 
red  claystone  porphyry,  and  an  almost  true  trachyte, 
with  needles  of  bomblend,  and  in  one  spot  a  curious 
slaty  rock  divided  into  quadrangular  columns,  having 
a  base  almo-st  like  trachyte,  with  drusy  cavities  lined 
by  crystals,  too  imperfect,  according  to  Professor  Miller, 

)  Detcnnlned  by  Professor  JiunesoD.    Weddell's  'Tojage,'  p.  16*. 
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to  be  measured,  but  resembling  Zeagonita.'  In  the 
midst  of  these  singular  rocks,  no  doubt  of  ancient  sub- 
marine volcanic  origin,  a  high  hill  of  feldspathic  clay- 
Blate  projected,  retaining  its  nsoal  cleav^e.  Hear  this 
point,  there  was  a  small  hillock,  having  the  aspect  of 
granite,  but  formed  of  white  albite,  brilliant  crystals  of 
hoinblende  (both  ascertained  by  the  reflecting  gonio- 
meter) and  mica;  but  with  no.  quartz.  No  recent 
volcanic  district  has  been  observed  in  any  part  of  Tierra 
del  Fuego. 

Five  miles  west  of  the  bifurcation  of  the  Beagle 
Channel,  the  slate-fonnation,  instead  of  becoming,  as 
in  the  more  southern  parts  of  Tierra  del  Fuego,  feld- 
spathic, and  associated  with  trappcan  or  old  volcanio 
rocks,  passes  by  alternations  into  a  great  underlying 
mass  of  fine  gneiss  and  glossy  clay-slate,  which  at  no 
great  distance  is  succeeded  by  a  grand  formation  of 
mica-slate  containing  garnets.  The  folia  of  these 
metamorpbic  schists  strike  parallel  to  the  cleavage- 
planes  of  the  clay-slate,  which  have  a  very  Tinifonn 
direction  over  the  whole  of  this  part  of  the  country: 
the  folia,  however,  are  undulatory  and  tortuous,  whilst 
the  cleavage-laminjB  of  the  slate  are  straight.  These 
Echists  compose  the  chief  mountain  chain  of  southern 
T,  del  Fuego,  ranging  along  the  north  side  of  the  north- 
ern arm  of  the  Beagle  Channel,  in  a  short  WNW. 
and  ESG.  line,  with  two  points  (Mounts  Sarmiento  and 
Darwin)  rising  to  heights  of  6,800  and  6,900  feet. 
On  the  south-western  side  of  this  northern  arm  of  the 
Beagle  Channel,  the  clay-slate  is  seen  with  its  sfrota 
dipping  from  the  great  chain,  so  that  the  metamorphio 
schists  here  form  a  ridge  bordered  on  each  side  by  clay- 
elate.     Farther   north,  however,  to  the   west  of  thia 


sj:citS,  ■kj-  iat;  rrs^.'ed.  yr^ea  Kcccspuued  by  sab- 

•'•^y  ir.-  irler  rr<:k-  =-?<i  wri  ia  Ixrfi  aims  of  the 
B»3r-i  C'Ar 'el.  CM-i-trr^s  i^t  -r^ac^,  :ianwlT  «  grsnulo- 

e7-"-i-- -■?  =lxTsr^  ct"  «"--:e  il"r-i:e,  ll»,.-k  hornblende 
fMCfer'AJi-TiJ  "'7  n:^jt:;T»^=^::;  of  :i-?  cryi^al?,  and  ccw- 
finn*^  br  Ppjt'^S'i-r  iliLeri.  a::>l  =■:■«  or  le^  of  brown 
mica,  bet  wi:iioat  a=v  q^iirtz.  Ttis  rock  occora  in 
Urg^  rr.4-^^,  c'c-jr-.y  re&.tnKinj  in  external  form 
ffTtTi'i-f.  or  iv-rnite :  in  the  soatcem  arm  of  the  Channel, 
fjfi';  ^';'';h  ma-s  onderlies  the  ir.i.'a-j'are,  on  which  claj- 
t,\:iiJ:  wM  Hup^rinip^sed :  this  p^voliar  plotooic  rock 
whir^h,  a«  we  have  seen,  occurs  also  in  Hariv  Peninsnla, 
JH  irit*;r(*tin^,  from  its  perfect  Bimi'arity  with  that 
(>i(fr<:afV;r  often  to  be  reft-rred  to  under  the  name  of 

I  H-i!  tl.fi  PafCT  by  Capt.  Kicg,  in  the  •  C.fW.-rafb.  Jonmal ; "  also 
a  I^-t'T  U,  Dr.  i'AViit  in  -Geolng.  Proc.'  toI.  i.  p.  ■-'9;  alsqsome  ob- 
(iivatl'.Miij  l^ajit  hitiK'/y,-Vo)agt8.'vol.  i.  p. 373.  I  mm  Jndebied 
alw  tf  Ur.  Ljeil  tot  a  teries  of  ipecimens  collected  by  Lieu, 
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andeaite)  forming  the  great  injected  axes  of  the  Cordil- 
lera of  Chile. 

The  stratiGcatioD  of  the  clay-slate  is  generally  very 
obscure,  whereas  the  cleavage  is  remarkably  well  defined : 
to  begin  with  the  extreme  eastern  part-s  of  T.  del  Fuego ; 
the  cleavage -planes  near  the  St.  of  Le  Maire  strike 
either  W.  and  E.  or  WSW.  and  ENB.,  and  are  highly 
inclined ;  the  form  of  the  land,  including  Staten  Island, 
indicates  that  the  axes  of  elevation  hare  run  in  this 
Eaine  line,  though  I  was  unable  to  distinguish  the  planes 
of  stratification.  Proceeding  westward,  I  accurately 
examined  the  cleavage  of  the  clay-slate  on  the  northern, 
eaatem,  and  western  sides  (thirty-five  miles  apart)  of 
Navarin  Island,  and  everywhere  found  the  laminae 
ranging  with  extreme  regularity,  WNW,  and  ESB., 
seldom  varying  more  than  one  point  of  the  compass 
from  this  direction.'  Both  on  the  east  and  west  coasts, 
I  crossed  at  right-angles  the  cleavage-planes  for  a  space 
of  abont  eight  miles,  and  found  them  dipping  at  an 
angle  of  between  45°  and  90°,  generally  to  SSW., 
sometimes  to  NNE.,  and  often  quite  vertically.  The 
SSW.  dip  was  occasionally  succeeded  abruptly  by  a 
NNE.  dip,  and  this  by  a  vertical  cleavage,  or  again  by 
the  SSW.  dip;  as  in  a  lofty  cliff  on  the  eastern  end  of 
the  island  the  lamina  of  slate  were  seen  to  be  folded 
into  very  large  steep  curves,  ranging  in  the  usual  WNW. 
line,  I  suspect  that  the  varying  and  opposite  dips  may 
possibly  be  accounted  for  by  the  cleavage-laminsB, 
though  to  the  eye  appearing  straight,  being  parts 
of  large  abrupt  curves,  with  their  summits  cut  off  and 
worn  down. 

In  several  places  I  was  particularly  struck  with  the 

'  The  clay-slate  in  this  island  wag  in  many  places  crossed  bj 
parallel  emooth  ji>iDts.  Out  of  five  cases,  the  an{^  ot  ioteiBectioa 
between  the  strike  of  the^e  jointa  and  that  ot  the  oleavsge-lamiiua 
was  in  two  cases  45°  and  in  two  others  79°. 


fact,  that  the  fine  laniinee  of  the  clay-slate,  where  cut- 
ting straight  through  the  bands  of  stratificatioa,  and 
therefore  indisputably  true  cleavage-planes,  differed 
elightly  in  their  greyish  and  greenish  tints  of  colonr,  in 
compactness,  and  in  some  of  the  lanmuQ  having  a  rather 
more  jaapery  appearance  than  others.  I  have  not  seen 
this  fact  recorded,  and  it  appears  to  me  iuiport-ant,  for 
it  shows  that  the  same  cause  which  has  produced  the 
highly  fif-siie  structure,  has  altered  in  a  alight  degree 
the  minevalogicai  character  of  the  rock  in  the  same 
planes.  The  bands  of  stratification,  just  alluded  to, 
can  be  distinguished  in  many  places,  eajiecially  in 
Niivarin  Island,  but  only  on  the  weathered  Bnrfaces  of 
the  slate;  they  consist  of  slightly  undnlatory  zones  of 
different  shades  of  colour  and  of  thicknesses,  and  re- 
eeniblo  the  marks  (more  closely  than  anything  else 
to  which  I  can  compare  them)  left  on  the  inside  of  a 
vessel  by  the  draining  away  of  some  dirty  slightly 
agitated  liquor:  no  difference  in  composition,  corr©> 
eponding  with  these  zones,  could  be  seen  in  freshly 
fractured  surfaces.  In  the  more  level  parts  of 
Navarin  Island,  these  bands  of  stratification  were 
nearly  horizontal ;  but  on  the  flanks  of  the  mountains 
they  were  inclined  from  them,  but  in  no  instance  that 
I  saw  at  a  very  high  angle.  There  can,  I  think,  be  no 
doubt  that  these  zones,  which  appear  only  on  the 
weathered  surfaces,  are  the  last  vestiges  of  the  ori- 
ginal planes  of  stratification,  now  almost  obliterated 
by  the  highly  fissile  and  altered  structure  which  the 
maas  has  assumed. 

The  clay-slate  cleaves  in  the  same  WNW.  and  ESE. 
direction,  as  on  Navarin  Island,  on  both  sides  of  the 
Beagle  Channel,  on  the  eastern  side  of  Hoste  Island,  on 
the  NE.  side  of  Hardy  Peninsula,  and  on  the  northern 
point   of   Wollaston   Island;    although   in   these   two 
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latter  localities  the  cleavage  has  been  much  obscured 
by  the  metamorphosed  and  feldspathic  condition  of  the 
slate.  Within  the  area  of  these  several  islands,  in- 
cluding Navarin  Island,  the  direction  of  the  stratifica- 
tion and  of  the  mountain-chains  is  very  obscure ;  though 
the  mountains  in  several  places  appeared  to  range  in 
the  same  WNW.  line  with  the  cleavage:  the  outline 
of  the  coast,  however,  does  not  correspond  with  this 
line.  Near  the  bifurcation  of  the  Beagle  Channel, 
where  the  underlying  metamorphic  schists  are  first  seen, 
they  are  foliated  (with  some  irregularities)  in  this  same 
WNW.  line,  and  parallel,  as  before  stated,  to  the  main 
mountain-axis  of  this  part  of  the  country.  Westward 
of  this  main  range  the  metumorphic  schists  are  foliated, 
though  less  plainly,  in  the  same  direction,  which  is 
likewise  common  to  the  zone  of  old  erupted  trappean 
rocks  forming  the  outermost  islets.  Hence  the  area, 
over  which  the  cleavage  of  the  slate  and  the  foliation  of 
the  metamorphic  schists  extends  with  an  average  WNW. 
and  ESE.  strike,  is  about  forty  miles  in  a  north  and 
south  line,  and  ninety  miles  in  an  east  and  west  line. 

Further  northward,  near  Port  Famine,  the  stratifi- 
cation of  the  clay-slate  and  of  the  associated  rocks  is 
well  defined,  and  there  alone  the  cleavage  and  strattt- 
planes  are  parallel.  A  little  north  of  this  port  there  is 
an  anticlinal  axis  ranging  NW.  (or  a  little  more  westerly) 
and  SE. :  south  of  the  port,  as  far  as  Admiralty  Sound 
and  Gabriel  Channel,  the  outline  of  the  land  clearly 
indicates  the  existence  of  several  lines  of  elevation  in 
this  same  NW.  direction,  which,  I  may  add,  is  so  uni- 
form in  the  western  half  of  the  St.  of  Magellan,  that, 
as  Captain  King  *  has  remarked,  *  a  parallel  ruler  placed 
on  the  map  upon  the  projecting  points  of  the  south 
shore,  and  extended  across  the  strait,  will  also  touch 

>  *  Geograph.  Journal,'  vol.  i  p.  170. 
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the  headlands  ou  the  opposite  coast.'  It  would  appear, 
from  Captain  King's  obsi'rvatioiis,  that  ov-er  all  this 
ai-ea  thecJeavage extends  ia  the  some  line.  Deep-water 
channels,  however,  in  all  parts  of  Tierra  del  Fupgo 
have  burst  through  the  traoimfls  both  of  stratification 
and  cleavage;  most  of  thorn  may  h;ive  been  formed  during 
the  elevation  of  the  land  by  long-con  tinned  erosion, 
but  others,  for  instance,  the  Beagle  Channel,  which 
stretches  like  ft  narrow  canal  fiT  120  milea  obliquely 
through  the  mountains,  can  hardly  have  thus  originated. 
Finally,  we  have  seen  that  in  the  estrenie  eastern 
point  of  Tierra  del  Fuego,  the  cleavage  and  coast-lines 
extend  W.  and  E.  and  even  WSW.  and  ENE. :  over  a 
large  area  westward,  the  cleavage,  the  main  range  of 
mountains,  and  some  Mibonlinate  ranf,'e.s,  hut  not  the 
outlines  of  the  coast,  strike  WNW,  and  ESE. ;  in  the 
,  central  and  western  parts  of  the  Strait  of  Magellan,  the 
stratification,  the  mountain -ranges,  the  outlines  of  the 
coast,  and  the  cleavage  all  strike  nearly  NW.  and  SE. 
North  of  the  strait,  the  outline  of  the  coast,  and  the 
mountains  on  the  mainland,  run  nearly  north  and 
south.  Hence  we  see,  at  this  southern  point  of  the 
continent,  how  gradually  the  Cordillera  bend,  from 
their  north  and  south  course  of  so  many  thousand  miles 
in  length,  into  an  E,  and  even  ENE,  direction. 

West  Coast,  from  the  Southern  Chon-os  Islands  to 
Northern.  Chile. — The  first  place  at  which  we  landed 
north  of  the  St.  of  Magellan  was  near  Cape  Tres  Montes, 
in  lat.  47'^  S.  Between  this  point  and  the  northern 
Chonos  Islands,  a  distance  of  200  miles,  the  '  Beagle ' 
visited  several  points,  and  specimens  were  collected  for 
me  from  the  intermediate  spaces  by  Lieut.  Stokes, 
The  predominant  rock  is  mica-slate,  with  thick  foiia 
of  quartz,  very  frequently  alternating  with  and  passing 
into  a  chloritic,  or  into  a  Llack,  glossy,  often  striated, 
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elightly  antbracitic  acbist,  wMch  soils  paper,  and  be- 
comes white  nnder  a  great  heat,  and  then  fuses.  Tbin 
layers  of  feldspar,  swelling  at  intervals  into  well  cr^'stal- 
lised  kernels,  are  sometimes  included  in  these  black 
schists ;  and  I  observed  one  masa  of  the  ordinary  black 
variety  insensibly  lose  its  fissile  structure,  and  pass  into  a 
singular  mixture  of  chlorite,  epidote,  feldspar,  and  mica. 
Great  veins  of  quartz  are  nanierous  in  the  mica-schist; 
wherever  these  occur  the  folia  are  much  convoluted. 
In  the  southern  part  of  the  Peninsula  of  Tres  Montes, 
'  a  compact  altered  feldspathic  rock  with  crystals  of 
feldspar  and  grains  of  quartz  is  the  commonest  variety ; 
this  rock '  exhibits  occasionally  traces  of  an  original 
brecciated  structure,  and  often  presents  (like  the  altered 
state  of  Tierra  del  Fuego)  trates  of  cleavage -planes, 
which  strike  in  the  same  direction  with  tlie  folia  of 
mica-schist  farther  northward.  At  Inchemo  Island,  a 
similar  rock  gradually  becomes  granulo-crystalline  and 
acquires  BCiiles  of  mica ;  and  this  variety  at  S.  Estevan 
becomes  highly  laminated,  and  though  still  exhibiting 
some  rounded  grains  of  quartz,  passes  into  the  black, 
glossy,  slightly  anthracitic  schist  which,  as  we  have 
seen,  repeatedly  alternates  with  and  passes  into  the 
micaceous  and  chloritic  schists.  Hence  all  the  rocks 
on  this  line  of  coast  belong  to  one  series,  and  insensibly 
vary  &om  an  altered  feldspathic  clay-slate  Into  largely 
foliated,  true  mica-schist. 

The  cleavage  of  the  homogeneons  schists,  tbe  folia- 
tion of  those  composed  of  more  or  less  distinct  minerals 
in  layers,  and  the  planes  of  alternation  of  the  different 
varieties  or  eo-called  stratification  are  all  parallel,  and 
preserve  over  this   200   miles  of  coast  a  remarkable 

■  The  peculiar,  abrnptly  oonical  form  ol  the  bills  in  tbla  oeigh- 
bonrhood,  wanld  hare  led  any  one  at  flretto  have  lappoied  that  tEej 
bad  been  formed  of  injected  01  intnuiTe  rooks. 


t>.*/,  X*/'  »•-/».  /;<  /^.rrr..  T'^  ar^n?^  rrssli  &tm  all 
»i^  >A^ryt,*u,i,%  'm  t.tU  2''/j  m::^  r-f  coa^t,  b  s  strike 
fcf  n.  IW  W.  »/*4  H.V/Z.:  c>t5ideriDg  that  io  euh 
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specified  place  my  examination  extended  over  an  area 
of  several  miles,  and  that  Lieut.  Stokes'  observations 
apply  to  a  length  of  100  miles,  I  think  this  remarkable 
uniformity  is  pretty  well  established.  The  prevalence, 
throughout  the  northern  half  of  this  line  of  coast,  of  a 
dip  in  one  direction,  that  is,  to  the  west,  instead  of  being 
sometimes  west  and  sometimes  east,  is,  judging  from 
what  I  have  elsewhere  seen,  an  unusual  circumstance. 
In  Brazil,  La  Plata,  the  Falkland  Islands,  and  Tierra 
del  Fuego,  tl  ere  is  generally  an  obvious  relation  be- 
tween the  ax  63  of  elevation,  the  outline  of  the  coast, 
and  the  strike  of  the  cleavage  or  foliation :  in  the 
Chonos  Archipelago,  however,  neither  the  minor  details 
of  the  coast-line  nor  the  chain  of  the  Cordillera,  nor 
the  subordinate  transverse  mountain-axes,  accord  with 
the  strike  of  the  foliation  and  cleavage :  the  seaward 
face  of  the  numerous  islands  composing  this  archi- 
pelago, and  apparently  the  line  of  the  Cordillera,  range 
N.  IFE.,  whereas,  as  we  have  just  seen,  the  average 
strike  of  the  foliation  is  N.  19**  W. 

There  is  one  interesting  exception  to  the  uniformity 
in  the  strike  of  the  foliation.  At  the  northern  point 
of  Tres  Monies  (lat.  45**  52')  a  bold  chain  of  granite, 
between  2,000  and  3,000  feet  in  height,  runs  from  the 
coast  far  into  the  interior,*  in  a  ESE.  line,  or  more 
strictly  E.  28**  S.  and  W.  28**  N.  In  a  bay,  at  the  north- 
ern foot  of  this  range,  there  are  a  few  islets  of  mica- 
slate,  with  the  folia  in  some  parts  horizontal,  but  mostly 
inclined  at  an  average  angle  of  20®  to  the  north.  On 
the  northern  steep  flank  of  the  range,  there  are  a  few 
patches  (some  quite  isolated,  and  not  larger  than  half-a- 

>  In  the  distance,  other  mountains  conld  be  seen  apparently 
ranging  NNE.  and  SSW.  at  right  angles  to  this  one.  I  may  add» 
that  not  far  from  Yallenar  Bay  there  is  a  fine  range,  apparently  of 
granite,  which  has  burst  through  the  mica-slate  in  a  NB.  by  B.  and 
tiW.  by  S.  line. 
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crown!)  of  the  mica-schist,  ToliHted  with  the  same 
northerly  dip.  On  the  broad  satnmit,  as  far  as  tha 
Bouthem  crest,  there  is  much  mica-shite,  in  Bome  places 
oven  400  feet  in  thickness,  with  the  fjlia  all  dipping 
north,  at  angles  varying  from  3°  to  20-',  bnt  Bometimce 
iDonnting  np  to  30°.  The  southern  flank  consists  of 
bare  granite.  The  mica-slate  is  penetrated  by  small 
vehia'  of  granite,  branching  from  the  main  body. 
Leaving  out  of  view  the  prevalent  strike  of  the  folia  in 
other  parts  of  this  archipelago,  it  might  have  been 
expecled  that  here  they  would  have  dipped  N.  28°  E,, 
that  is,  directly  from  the  ridge,  and,  considering  its 
abruptness,  at  a  high  inclination  ;  but  the  real  dip,  aa 
we  have  juat  seen,  both  at  the  foot  and  on  the  northern 
flank,  and  over  thi^  entire  summit,  is  at  a  small  angle, 
and  directed  nearly  due  north.  From  these  considera- 
tions it  occurred  to  me,  that  perhaps  we  here  had  the 
novel  and  cnrions  case  of  already  inclined  laminas 
obliquely  tilted  at  a  subsequent  period  by  the  granitic 
axis.  Mr.  Hopkins,  bo  well  known  trom  his  mathe- 
matical investigations,  has  most  kindly  calculated  the 
problem :  the  proposition  sent  was, — take  a  district 
composed  of  laminee,  dipping  at  an  angle  of  40^  to 
W.  19°  S.,  and  let  an  axis  of  elevation  traverse  it  in  an 
E.  28°  8.  line,  what  will  the  position  of  the  laminte  bo 
on  the  northern  flank  after  a  tilt,  we  will  first  suppose, 
of  45°?  Mr.  Hopkins  informs  me,  that  the  angle  of 
the  dip  will  be  28°  31',  and  its  direction  to  north 
80°  33'  west.*    By  varying  the  supposed  angle  of  the 

'  The  gTarir«  wilhin  these  veiDs,  as  well  as  gencmll;  at  tbo 
Jnoctionwith  the  mica-alale.is  more qnartioae  than elsewheie,  Thn 
granite,  I  ma^  add.  ib  IntTcrsed  bj  difces  rnmiiiig  for  h  Tcrj  great 
length  in  the  line  of  the  monnlains ;  thej  are  composed  of  a  some- 
what laminated  enrile,  containing  CTfBl^s  of  feldspar,  Iiomblende^ 
and  ooiagoDS  of  qnortz. 

■  On  the  Eonth  BidB  of  theazis  (where,  however,!  did  not  see  aiv 
Bilea-Blat«>  the  dip  of  the  folia  would  be  at  an  angle  of  TT°  65*, 
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tilt,  our  previously  inclined  folia  can  be  thrown  into 
any  angle  between  26^,  which  is  the  least  possible  angle, 
and  90° ;  but  if  a  small  inclination  be  thus  given  to 
them,  their  point  of  dip  will  depart  far  from  the  north, 
and  therefore  not  accord  with  the  actual  position  of  the 
folia  of  mica-schist  on  our  granitic  range.  Hence  it  ap- 
pears very  diflScult,  without  varying  considerably  the  ele- 
ments of  the  problem,  thus  to  explain  the  anomalous  strike 
and  dip  of  the  foliated  mica-schist,  especially  in  those 
parts,  namely,  at  the  base  of  the  range,  where  the  folia 
are  almost  horizontal.  Mr.  Hopkins,  however,  adds, 
that  great  irregularities  and  lateral  thrusts  might  be 
expected  in  every  great  line  of  elevation,  and  that  these 
would  account  for  considerable  deviations  from  tho 
calculated  results :  considering  that  the  granitic  axis, 
as  shown  by  the  veins,  has  indisputably  been  injected 
after  the  perfect  formation  of  the  mica-slate,  and  con- 
sidering the  uniformity  of  the  strike  of  the  folia  through- 
out the  rest  of  the  archipelago,  I  cannot  but  still  think 
that  their  anomalous  position  at  this  one  point  is 
someway  directly  and  mechanically  related  to  the  in- 
trusion of  this  WNW.  and  ESE.  mountain-chain  of 
granite. 

Dikes  are  frequent  in  the  metamorphic  schists  of  the 
Chonos  Islands,  and  seem  feebly  to  represent  that  great 
band  of  trappean  and  ancient  volcanic  rocks  on  the 
south-western  coast  of  T.  del  Puego.  At  S.  Andres  I 
observed  in  the  space  of  half  a  mile,  seven  broad,  parallel 
dikes,  composed  of  three  varieties  of  trap,  running  in  a 
NW.  and  SE.  line,  parallel  to  the  neighbouring  moun- 
tain-ranges of  altered  clay-slate ;  but  they  must  be  of 
long  subsequent  origin  to  these  mountains;   for  they 

directed  to  the  west  35^  33'  south.  Hence  the  two  points  of  dip  on 
the  opposite  sides  of  the  range,  instead  of  being  as  in  ordinary  cases 
directly  opposed  to  each  other  at  an  angle  of  ISO"*!  would  here  bt 
only  86^  50'  apart. 


k 


intersected  the  votcanic  formation  describe<3  in  the  tast 
chapter.  North  of  Trea  Monies,  I  noticed  three  ditea 
differing  from  each  other  in  composition,  one  of  them 
having  an  enritic  base  including  large  octagons  of 
qnartz ;  these  dikes,  as  well  as  eeveral  of  porphyritio 
greenstone  at  Vallenar  Bay,  extended  NE.  and  SW., 
ly  at  right  angles  to  the  foliation  of  the  Bchiets, 
but  in  the  line  of  their  joints.  At  Low's  Harboar, 
however,  a  eot  of  great  parallel  dikes,  one  ninety  yards 
and  another  sixty  yards  in  width,  have  been  guided  by 
the  foliation  of  the  mica-schist,  and  hence  are  inclined 
westward  at  an  angle  of  45° :  these  dikes  are  formed  of 
rarions  porphyritic  traps,  some  of  which  are  remarkable 
from  containing  numerooB  rounded  grains  of  quarts, 
A  porphyritic  trap  of  this  latter  kind,  passed  in  one  of 
the  dikes  into  a  most  cnrious  hornstoiie.  pcrfeclly  white, 
with  B  waxy  fracture  and  pellncid  edgea,  fusible,  and 
containing  many  grains  of  quartz  and  specks  of  iron 
pyrites.  In  the  ninety  yard  dike  several  large,  appa- 
rently now  quite  isolated  fragments  of  mica-slate  were 
embedded ;  but  aa  their  foliation  was  exactly  parallel 
to  that  of  the  Bnrronndiog  solid  rock,  no  donbt  these 
now  separate  fragments  originally  formed  wedge-shaped 
depending  portions  of  a  continuous  vault  or  cnist, 
once  extending  over  the  dike,  hut  since  worn  down  and 
denuded. 

CkUoe  Vcddivia,  Conc^don. — In  Chiloe,  a  great 
formation  of  mica-schist  strikingly  resembles  that  of 
the  ChoQOS  Islands.  For  a  space  of  eleven  miles  on 
the  SE.  coast,  the  folia  were  very  distinct,  thongh 
slightly  coDToluted,  and  ranged  within  a  point  of  NNW. 
and  SSE.,  dipping  either  ENB.  or  more  commonly 
WSW.,  at  an  average  angle  of  22°  (in  one  spot,  however, 
^t  60°),  and  therefore  decidedly  at  a  leaser  inclination 
than  amongst  the  Chonos.  Islands.  On  the  west  and 
north-western  shores,  the  foliation  was  often  obstnre, 
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though,  where  best  defined,  it  ranged  within  a  point  of 
N.  by  W.  and  S.  by  E.,  dipping  either  easterly  or 
westerly,  at  varying  and  generally  very  small  angles. 
Hence,  from  the  southern  part  of  Tres  Montes  to  the 
northern  end  of  Chiloe,  a  distance  of  300  miles,  we 
have  closely  allied  rocks  with  their  folia  striking  on  an 
average  in  the  same  direction,  namely,  between  N.  11° 
and  22°  W.  Again,  at  Valdivia,  we  meet  with  the 
same  mica-schist,  exhibiting  nearly  the  same  minera- 
logical  passages  as  in  the  Chonos  Archipelago,  often, 
however,  becoming  more  ferruginous,  and  containing 
so  much  feldspar  as  to  pass  into  gneiss.  The  folia  were 
generally  well  defined ;  but  nowhere  else  in  South 
America  did  I  see  them  varying  so  much  in  direction : 
this  seemed  chiefly  caused  by  their  forming  parts,  as  I 
could  sometimes  distinctly  trace,  of  large  flat  curves : 
nevertheless,  both  near  the  settlement  and  towards  the 
interior,  a  NW.  and  SE.  strike  seemed  more  frequent 
than  any  other  direction;  the  angle  of  the  dip  was 
generally  small.  At  Concepcion,  a  highly  glossy  clay- 
slate  had  its  cleavage  often  slightly  curvilinear,  and 
inclined,  seldom  at  a  high  angle,  towards  various  points 
of  the  compass ;  *  but  here,  as  at  Valdivia,  a  NW.  and 

*  I  observed  in  some  parts  that  the  tops  of  the  laminae  of  the 
clay-slate  {h  of  the  diagram)  under  the  superficial  detritus  and  soU 
(a)  were  bent,  sometimes  without  be-  ^^^  g^^ 

ing    broken,  as   represented  in  the 
accompanying    diagram,    which    is    o> 


copied  from  one  given  by  Sir.  H.  De  »  >on^V^^^^ 

la  Beche  (p.  42,  *  Geological  Manual')  ^  ^\<^\\^)}W)%Wa 

of  an  exactly  similar  phenomenon  in  ci// 

Devonshire.    Mr.  R.  A.  C.  Austen,  also,  (E 
in  his  excellent  paper  on  S.B.  Devon 


(*  Geolog.  Transact.'  vol.  vi.  p.  437),  has  described  this  phenomenon ;: 
he  attributes  it  to  the  action  of  frosts,  but  at  the  same  time  doubts^ 
whether  the  frosts  of  the  present  day  p4'netrate  to  a  sufficient  depth. 
As  it  is  known  that  earthquakes  particularly  affect  the  surface  of  the- 
ground,  it  occurred  to  me  that  this  appearance  might  perhaps  be  due,, 
at  least  at  Concepcion,  to  their  frequent  occurrence ;  the  superficial! 
layers  of  detritus  being  either  jerked  in  one  direction,  or,  where  tha.* 


SE.  stiikfl  seemed  to  be  tbe  most  £re<]aeQt  one.  Id 
oeTtftiD  Bpota  largs  qoartz  reiiiB  nere  aomeroos,  anil 
near  tliem  tli^  clesrage,  &S  was  the  case  with  the  foJi»> 
tioD  of  the  schista  io  the  Cboooa  Archipelago,  became 
extremely  tortooaa. 

At  the  northern  eoA  of  Qniriqnina  lEland,  in  the 
Bay  of  ConcepcioD,  at  least  eight  rudely  parallel  dikes, 
which  have  been  gnided  to  a  certain  extent  by  the 
cleavage  of  the  &1ate,  occur  within  the  space  of  a  qoaiter 
of  s  mile.  They  vary  much  in  compositibn,  resembling 
in  many  respects  the  dikes  at  Low's  Hsrboar:  the 
greater  number  consist  of  feldspathic  porph}-ries,  some- 
times containing  grains  of  quartz:  one,  however,  waa 
black  and  brilliant,  like  an  aagitic  rock,  but  really 
f:imi'  d  of  f -lil-]iar ;  others  of  a  feidspathic  nature  were 
p-rfectly  white,  with  either  an  earthly  or  crystalline 
fracttire,  and  including  grains  and  regolar  octagons  of 
qoartz ;  these  white  varieties  passed  into  ordinary  green- 
stones. Altliongh,  both  here  and  at  Low's  Harbonr, 
(he  nature  of  the  rock  varied  considerably  in  the  same 
dike,  yet  I  cannot  but  think  that  at  these  two  places 
and  in  other  parts  of  the  Chonoa  group,  where  the  dikes, 
thongh  close  to  each  other  and  running  parallel,  are  of 
different  corap^-sition,  that  they  mast  have  been  formed 
at  different  periods.  In  the  case  of  Quinquina  this  is  a 
rather  interesting  conclusion,  for  these  eight  parallel 
dikes  cut  through  the  metamorphic  schists  in  a  NW. 
and  SE.  line,  and  since  their  injection  the  overlying 
cretaceous  or  tertiary  strata  have  been  tilted  (whiUt 
still  nnder  the  sea)  from  a  NW.  by  N.  and  SE    by 

forface  was  Inclined,  pushed  b  liltle  d^wnwaMa  daring  each  atrong 
tibrstion.  In  North  Wales  J  have  seen  a  aamewhsit  analogoDs  bol 
less  regular  appearance,  tboagb  on  a  greater  scale  ('  London  FhU. 
Hag.'  vol.  zxi  p.  184),  and  produced  bj  a  quite  dilFerent  causa, 
namely,  by  the  itrandingol  Kreat  icebergs;  this  Utter  appearanoe 
haa  ai»  been  observed  !□  North  America. 
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8.  line;  and  again,  daring  the  great  earthquake  of 
February  1835,  the  ground  in  this  neighbourhood  was 
fissured  in  NW.  and  SE.  lines ;  and  from  the  manner  in 
which  buildings  were  thrown  down,  it  was  evident  that 
the  surface  undulated  in  this  same  direction.^ 

Central  and  Northern  Chile. — ^Northward  of  C!on- 
cepcion,  as  far  as  Copiapo,  the  shores  of  the  Pacific 
consist,  with  the  exception  of  some  small  tertiary  basins, 
of  gneiss,  mica-schist,  altered  clay-slate,  granite,  green- 
stone and  syenite :  hence  the  coast  from  Tres  Montes 
to  Copiapo,  a  distance  of  1,200  miles,  and  I  have  reason 
to  believe  for  a  much  greater  space,  is  almost  similarly 
constituted. 

Near  Valparaiso  the  prevailing  rock  is  gneiss, 
generally  including  much  hornblende :  concretionary 
balls  formed  of  feldspar,  hornblende  and  mica,  from 
two  to  three  feet  in  diameter,  are  in  very  many  places 
conformably  enfolded  by  the  foliated  gneiss:  veins 
of  quartz  and  feldspar,  including  black  schorl  and  well- 
crystallised  epidote,  are  numerous.  Epidote  likewise 
occurs  in  the  gneiss  in  thin  layers,  parallel  to  the  folia- 
tion of  the  mass.  One  large  vein  of  a  coarse  granitic 
character  was  remarkable  from  in  one  part  quite 
changing  its  character,  and  insensibly  passing  into  a 
blackish  porphyry,  including  acicular  crystals  of  glassy 
feldspar  and  of  hornblende :  I  have  never  seen  any  other 
such  case.' 

I  shall  in  the  few  following  remarks  on  the  rocks  of 
Chile  allude  exclasively  to  their  foliation  and  cleavage. 
In  the  gneiss  round  Valparaiso  the  strike  of  the  foliation 
is  very  variable,  but  I  think  about  N.  by  W.  and  S.  by 

»  'Geolog.  Trans.' vol.  vi.  pp.  602  and  617.  •Journal  of  Re- 
searches '  (2nd  edit.),  p.  307. 

*  Humboldt  ('Personal  Narrative,' vol.  iv.  p.  60)  baa  desciibed 
with  mach  surprise,  concretionary  balls,  with  concentric  divihions, 
composed  of  partially  vitreous  feldspar,  hornblende,  and  game  s, 
Included  within  great  Teins  of  gneiss,  which  cut  across  the  mioa- 
slate  near  Venezuela, 
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E.  is  the  commonest  direction ;  this  likewise  holds  good 
with  the  cleavage  of  the  altered  feldspathic  clay-slates, 
occasionally  met  with  on  the  coast  for  ninety  miles  north 
of  Valparaiso.  Some  feldspathic  slate,  alternating  with 
etrata  of  clay-stone  porphyry  in  the  Bell  of  Quillota 
and  at  Jajuel,  and  therefore,  perhiipa,  belonging  to  a 
later  period  than  the  metainorphic  schists  on  tiie  coast, 
cleaved  in  this  same  direction.  In  the  eastern  Cordillera, 
in  the  Poitillo  Pass,  there  is  a  grand  mass  of  Lii'ja- 
Blate,  foliated  in  a  north  and  south  line,  and  with  a 
high  westerly  dip :  in  the  Uspallata  range,  clay-siata 
and  grauwacke  hare  a  highly  inclined,  nearly  north  and 
Bouth  cleavage,  though  in  some  parts  the  strike  is  irreg- 
nlar :  in  the  main  or  Cumbre  range,  the  direction  of  the 
deavage  in  the  feldspathic  clay-slate  is  NW.  and  SE, 

Between  Coquiruho  and  Gunsco  there  are  tivo  con- 
eiderable  formations  of  mica  slate,  in  one  of  which  the 
rock  passed  sometimes  into  common  clay-slate  and  some- 
times into  a  glossy  black  variety,  very  like  that  in  the 
Chonos  Archipelago.  The  iblia  and  cleavage  of  these 
rocks  ranged  between  [N.and  NW.  by  N.]  and  [S.and 
SW.  by  S.]  Near  the  Port  of  Guasco  several  varieties 
of  altered  ctay-slnte  have  a  quite  irregular  cleavage. 
Between  Gnasco  and  Copiapo,  there  are  some  siliceous 
and  talcaceous  slates  cleaving  in  a  north  and  south  line, 
^ith  an  easterly  dip  of  between  60°  and  70°  :  high  up, 
also,  the  main  valley  of  Copiapo,  there  is  mica-slate 
with  a  high  easterly  dip.  In  the  whole  space  between 
Valparaiso  and  Copiapo  an  easterly  dip  is  rouch  more 
common  than  an  opposite  or  westerly  one. 

C(mcluding  ReTnarhe  on  Cleavage  and  Foliation. 

In  this  southern  part  of  the  Southern  Hemisphere, 
we  have  seen  that  the  cleavage-laminse  range  over  wide 


CHAP.  rni.       Cleavage  and  Foliation.  46 1 

areas  with  remarkable  uniformity,  cntting  straight 
through  the  planes  of  stratification,^  but  yet  being 
parallel  in  strike  to  the  main  axes  of  elevation,  and 
generally  to  the  outlines  of  the  coast.  The  dip,  how- 
ever, is  as  variable,  both  in  angle  and  in  direction  (that 
is,  sometimes  being  inclined  to  the  one  side  and  some- 
times to  the  directly  opposite  side),  as  the  strike  is 
uniform.  In  all  these  respects  there  is  a  close  agree- 
ment with  the  facts  given  by  Professor  Sedgwick  in  his 
celebrated  memoir  in  the  *  Geological  Transactions,*  and 
by  Sir  R.  I.  Murchison  in  his  various  excellent  dis- 
cussions on  this  subject.  The  Falkland  Islands,  and 
more  especially  Tierra  del  Fuego,  offer  striking  instances 
of  the  lines  of  cleavage,  the  principal  axes  of  elevation, 
and  the  outlines  of  the  coast,  gradually  changing 
together  their  courses.  The  direction  which  prevails 
throughout  Tierra  del  Fuego  and  the  Falkland  Islands, 
namely,  from  west  with  some  northing  to  east  with 
some  southing,  is  also  common  to  the  several  ridges  in 
northern  Patagonia  and  in  the  western  parts  of  Bauda 
Oriental :  in  this  latter  province,  in  the  Sierra  Tapalguen, 
and  in  the  western  Falkland  Island,  the  W.  by  N.,  or 
WNW.  and  ESE.,  ridges,  are  crossed  at  right  angles  by 
others  ranging  NNE.  and  SSW. 

The  fact  of  the  cleavage-laminaB  in  the  clay-slate  of 
Tierra  del  Fuego,  where  seen  cutting  straight  through 
the  planes  of  stratification,  and  where  consequently 
there  could  be  no  doubt  about  their  nature,  differing 
slightly  in  colour,  texture,  and  hardness,  appears  to  me 
very  interesting.  In  a  thick  mass  of  laminated,  feld- 
spathic  and  altered  clay-slate,  interposed  between  two 

*  In  roj  paper  on  the  Falkland  Islands  (vol.  iii.  p.  267  *  Goolog* 
ical  Journar),  I  have  g^ven  a  curious  case  on  the  authority  of  Capt. 
Sulivan,  R.N.,  of  much  folded  beds  of  olay-slate,  in  some  of  which  the 
cleavage  is  perpendicular  to  the  horizon,  and  in  others  it  is  perpen- 
dicular to  each  curvature  or  fold  of  the  bed ;  thii  appears  a  new  case. 
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great  strata  of  porphyritic  conglomerate  in  central 
Chile,  and  where  there  could  be  bat  little  doubt  about 
the  bedding,  I  observed  similar  alight  differences  in  com- 
poaition,  and  likennse  some  distinct  thin  layers  of 
epidote,  parallel  to  the  highly  inclined  cleavage  of  the 
masH-  Again,  I  incidentally  noticed  in  North  Wales,' 
where  glaciers  had  passed  over  the  truncated  edges  ot 
the  highly  inclined  lamiuiB  of  ctay-slate,  that  the  surface, 
though  smooth,  was  worn  into  eniall  parallel  nndnla- 
tions,  caused  by  the  component  laminse  being  of  fiJigbtly 
different  degrees  of  hardness.  With  reference  to  the 
elates  of  North  Wales,  Professor  Sedgwick  describes  the 
planes  of  cleavage,  as  '  coated  over  with  chlorite  and 
semi-crj-stalline  matter,  which  not  only  merely  define  tha 
planes  in  question,  but  strike  in  parallel  dakes  through 
the  whole  mass  of  tlie  rock.''  In  ?ome  of  those  glossy 
and  hard  varieties  of  clay-slate  which  may  often  be 
seen  passing  into  mica-schist,  it  has  appeared  to  me  that 
the  cleavage-planes  were  formed  of  excessively  thin, 
generally  slightly  convoluted,  folia,  composed  of  micro 
scopically  minute  scales  of  micik  From  these  several 
facts,  and  more  especially  from  the  case  of  the  clay- 
slate  in  Tierra  del  Fuego,  it  must,  I  think,  be  con- 
cluded, that  the  same  power  which  has  impressed  on 
the  slate  its  fissile  structure  or  cleavage  has  tended 
to  modify  its  mineralogical  character  in  parallel 
planes. 

Let  us  now  turn  to  the  foliation  of  the  meta- 
morphic  schists,  a  subject  which  has  been  mnch  less 
attended  to.  As  in  the  case  of  cleavage-lominte,  the 
folia  preserve  over  very  large  areas  a  uniform  strike : 
thus  Humboldt'  found  for  a  distance  of  SOO  miles  in 

'  'London  Phil.  Mag.'  vol.  iii.  p.  182. 

■  •Qeological  Tnms.'  toL  iii.  p.  471, 

■  '  Personal  Narrative,'  vol.  vi.  p.  G91,  M  Mq, 
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Venezuela,  and  indeed  over  a  mucli  larger  space,  gneiss, 
granite,  mica,  and  clay-slate,  striking  very  uniformly 
NE.  and  SW.,  and  dipping  at  an  angle  of  between  60® 
and  70°  to  N W. :  it  would  even  appear  from  the  facts 
given  in  this  chapter,  that  the  metamorphic  rocks 
throughout  the  north-eastern  part  of  S.  America  are 
generally  foliated  within  two  points  of  NE.  and  SW. 
Over  the  eastern  parts  of  Banda  Oriental,  the  foliation 
strikes  with  a  high  inclination,  very  uniformly  NNE.  to 
SSW.,  and  over  the  western  parts,  in  a  W.  by  N.  and 
E.  by  S.  line.  For  a  space  of  300  miles  on  the  shores 
of  the  Chonos  and  Chiloe  Islands,  we  have  seen  that  the 
foliation  seldom  deviates  more  than  a  point  of  the  com- 
pass from  a  N.  19°  W.  and  S.  19°  E.  strike.  As  in  the 
case  of  cleavage,  the  angle  of  the  dip  in  foliated  rocks 
is  generally  high  but  variable,  and  alternates  from  one 
side  of  the  line  of  strike  to  the  other  side,  sometimes 
being  vertical :  in  the  northern  Chonos  Islands,  however, 
the  folia  are  inclined  almost  always  to  the  west;  in 
nearly  the  same  manner,  the  cleavage- laminae  in 
southern  Tierra  del  Fuego  certainly  dip  much  more 
frequently  to  SSW.  than  to  the  opposite  point.  In 
eastern  Banda  Oriental,  in  parts  of  Brazil,  and  in  some 
other  districts,  the  foliation  runs  in  the  same  direction 
with  the  mountain-ranges  and  adjoining  coast-lines: 
amongst  the  Chonos  Islands,  however,  this  coincidence 
fails,  and  I  have  given  my  reasons  for  suspecting 
that  one  granitic  axis  has  burst  through  and  tilted  the 
already  inclined  folia  of  mica-schist:  in  the  case  of 
cleavage,*  the  coincidence  between  its  strike  and  that 
of  the  main  stratification  seems  sometimes  to  fail. 
Foliation  and  cleavage  resemble  each  other  in  the  planes 
winding  round  concretions,  and  in  becoming  tortuous 

'  Cases  are  given  by  Mr.  Jokes,  in  his  <  Geology  of  Newfoundland/ 
p.  130. 
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wliere  veins  of  qnartz  aboond.*  Oq  the  flanks  of  ths 
mountAins  both  in  Tierra  del  Faego  and  in  otlier 
countries,  I  have  observed  that  the  cleavage-planes  fre- 
qoentlydip  at  a  high  angln  inwards;  and  this  was  long 
ago  observed  by  Von  Bach  to  be  the  case  in  Norway : 
this  fact  ia  perhaps  analogous  to  the  folded,  fan-like  or 
raJiatiDg  structure  in  the  metamorphic  Echtsts  of  the 
Alps,'  in  which  the  folia  in  the  central  crests  are  vertical 
and  on  the  two  flanks  inclined  inwards.  Where  massea 
of  fissile  and  foliated  rocks  alternate  together,  the  cleav- 
oge  and  foliation,  in  all  cases  which  I  hare  seen,  are 
parallel.  Where  in  one  district  the  rocks  are  fissile, 
and  in  another  adjoining  district  they  are  foliated,  the 
planes  of  cleavage  and  foliation  are  likewise  generally 
parallel :  this  is  the  case  with  the  felii«pathic  homo- 
geneous slates  in  the  southern  part  of  the  Chonos  group, 
compared  with  the  fine  foliated  mica-Bchists  of  the 
northern  part ;  so  again  the  clay-slate  of  the  whole 
eastern  side  of  Tierra  del  Fuego  cleaves  in  exactly  the 
same  line  with  the  foliated  gneiss  and  mica-slate  of  the 
western  coast;  other  analogous  instances  might  have 
been  adduced,* 

With  respect  to  the  origin  of  the  folia  of  qnartz, 
mica,  feldspar,  and  other  minerals  composing  the  meta- 
morphic schists.  Professor  Sedgwick,  Mr,  Lyell  and 
most  authors  believe,  that  the  constituent  parts  of  each 
layer  were  separately  deposited  as  sediment,  and  then 

'  1  haTB  leea  in  Brazil  and  Chile  concretions  thiia  enfolded  bj 
folinled  gneiss;  and  MaccuUoch  ('Highlands.'  vol.  i.  p.  61)  bai 
dtrscribcd  a  similar  case.  For  analogona  cases  in  clay-slale,  see 
Prof  Hcnslow's  Memoir  in  •  Cambriilge  Phil.  Trans.'  vol.  1.  p.  379, 
and  Macculluch's  'Closa.  of  Rocks,'  p.  361.  VVilh  respect  to  both 
foliwion  and  cleavage  beconi  ing  tortuous  where  quart  i- veins  abonnd, 
I  have  seen  instiiDccs  near  Monte  Video,  at  Conuepcion.  and  in  tha 
Chonos  Islands.  Bee  also  Blr.  Oreenough's 'Critical  Eiamloation,' 
p.  TS. 

'  StDder  In  •  Bdin.  New  Phil.  Joama],'  vol.  niii.  p.  14*. 

*  I  have  given  a  case  in  Aas:ialia.    See  Chapter  VII.  of  this 
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metamorphosed.  This  view,  in  the  majority  of  cases,  I 
believe  to  be  quite  untenable.  In  those  not  uncommon 
instances,  where  a  mass  of  clay-slate,  in  approaching 
granite,  gradually  passes  into  gneiss,^  we  clearly  see 
that  folia  of  distinct  minerals  can  originate  through  the 
metamorphosis  of  a  homogeneous  fissile  rock.  The  de- 
position, it  may  be  remarked,  of  ntfmberless  alternations 
of  pure  quartz,  and  of  the  elements  of  mica  or  feldspar, 
does  not  appear  a  probable  event.*  In  those  districts 
in  which  the  metamorphic  schists  are  foliated  in  planes 
parallel  to  the  cleavage  of  the  rocks  in  an  adjoining 
district;  are  we  to  believe  that  the  folia  are  due  to 
sedimentary  layers,  whilst  the  cleavage-laminas,  though 
parallel,  have  no  relation  whatever  to  such  planes  of 
deposition  ?  On  this  view,  how  can  we  reconcile  the 
vastness  of  the  areas  over  which  the  strike  of  the  folia- 
tion is  uniform,  with  what  we  see  in  disturbed  districts 
composed  of  true  strata :  and  especially,  how  can  we 
understand  the  high  and  even  vertical  dip  throughout 
many  wide  districts,  which  are  not  mountainous,  and 
throughout  some,  as  in  western  Banda  Oriental,  which 
are  not  even  hilly  ?  Are  we  to  admit  that  in  the 
northern  part  of  the  Chonos  Archipelago,  mica-slate  was 
first  accumulated  in  parallel  horizontal  folia  to  a  thick- 
ness of  about  four  geographical  miles,  and  then  upturned 
at  an  angle  of  forty  degrees ;  whilst,  in  the  southern 
part  of  this  same  archipelago,  the  cleavage-laminsB 
of  closely  allied  rocks,  which  none  would  imagine  had 
ever  been  horizontal,  dip  at  nearly  the  same  angloi  to 
nearly  the  same  point  ? 

Seeing,  then,  that  foliated  schists  indisputably  are 

>  I  havo  described  (in  Chapter  YIL  of  thiB  work)  a  good  instaDoe 
of  each  a  passage  at  the  Cape  of  Good  Hope. 

*  See  some  excellent  remarks  on  this  subject,  in  D'Anbnisson'B 
*  Traits  de  G6og.'  torn.  i.  p.  297.  Also,  some  remarks  by  Mr.  Dana 
in  Silliman*s  *  American  Joom.*  yoL  zlv.  p.  108. 
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b  ■ometimes  prodaced  by  the  metamorpliosis  of  boiDO- 
leona  fissile  rocks ;  seeing  that  foliatioo  an-J  cleavaga 
are  EOcIoeely  aoalogoaa  in  the  severs]  abore-ennmerated 
respects;  seeing  that  some  fissile  and  almost  bomo- 
gpneouB  rocks  show  iocipieat  miDeralogical  changes 
iiliiDg  tlie  planes  of  their  dearage,  and  that  other  rocka 
with  a  fiGsile  stroctnre  alternate  with,  and  pass  into 
varieties  with  a  foliated  stroctare,  J  cannot  doubt  that 
in  most  caees  foliation  and  cleavuge  are  parts  of  the 
same  process  :  in  cleaTnge  there  being  only  an  incipieuE 
BeparatioQ  of  the  constituent  minerals ;  in  foliation  a 
tnuch  more  complete  separation  and  cryglallisktioQ. 

The  fact,  often  referred  to  in  this  chapter,  of  the 
foliation  and  the  so-called  strata  in  the  metamorphio 
wries — that  is,  the  aUercating  masses  of  different 
T&rieties  of  gneiss,  mica-schist,  and  horn  blende-slate, 
&c. — being  parallel  to  each  other,  at  first  appears  qnite 
opposed  to  the  view  that  the  folia  have  no  relation  to 
the  planes  of  original  deposition.  Where  the  so-called 
beds  are  not  very  thick  and  of  widely  different  minera- 
logical  composition  from  each  other,  I  do  not  think  that 
there  is  any  difiicnity  in  supposing  that  they  have 
originated  in  an  analogous  manner  with  the  separate 
folia.  We  should  bear  in  mind  what  thick  strata, 
in  ordinary  sedimenlaiy  masses,  have  obviously  been 
formed  by  a  concretionary  process.  In  a  pile  of  volcanic 
rocka  on  the  Island  of  Ascension,  there  are  strata,  dif- 
fering quite  as  much  in  appearance  as  the  ordinary 
varieties  of  the  metamorphic  schists,  which  undoubtedly 
have  been  produced,  not  by  successive  flowings  of  lava, 
but  by  internal  molecular  changes.  Near  Monte  Video, 
where  the  stratiBcatlon,  as  it  would  be  called,  of  the 
metamorphic  series  is,  in  most  parts,  particularly  well 
developed,  being  as  nsnol,  parallel  to  the  foliation,  we 
have  seen  that  a  mass  of  chloritic  schist,  netted  with 
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quartz-veins,  is  entangled  in  gneiss,  in  snch  a  manner  as 
to  show  that  it  had  certainly  originated  in  some  pro- 
cess of  segregation  :  again,  in  another  spot,  the  gneiss 
tended  to  pass  into  homblendic  schist  by  alternating 
with  layers  of  quartz ;  but  these  layers  of  quartz  aln.OBb 
certainly  had  never  been  separately  deposited,  for  they 
were  absolutely  continuous  with  the  nuraepous  intersect- 
ing veins  of  quartz.  I  have  never  had  an  opportunity  of 
tracing  for  any  distance,  along  the  line  both  of  strike 
and  of  dip,  the  so-called  beds  in  the  metamorphic 
schists,  but  I  strongly  suspect  that  they  would  not  be 
found  to  extend  with  the  same  character,  very  far  in  the 
line  either  of  their  dip  or  strike.  Hence  I  am  led  to 
believe,  that  most  of  the  so-called  beds  are  of  the  nature 
of  complex  folia,  and  have  not  been  separately  de- 
posited. Of  course,  this  view  cannot  be  extended  to 
thick  masses  included  in  the  metamorphic  series,  which 
are  of  totally  different  composition  from  the  adjoining 
schists,  and  which  are  far  extended,  as  is  sometimes  the 
case  with  quartz  and  marble ;  these  must  generally  be 
of  the  nature  of  true  strata.*  Such  strata,  however, 
will  almost  always  strike  in  the  same  direction  with  the 
folia,  owing  to  the  axes  of  elevation  being  in  most 
countries  parallel  to  the  strike  of  the  foliation;  but 
they  will  generally  dip  at  a  different  angle  from  that  of 
the  foliation ;  and  the  angle  of  the  foliation  in  itself 
almost  always  varies  much  :  hence,  in  crossing  a  meta- 
morphosed schistose  district,  it  would  require  especial 
attention  to  discriminate  between  true  strata  of  depo- 
sition and  complex  foliated  masses.  The  mere  presence 
of  true  strata  in  the  midst  of  a  set  of  metamorphic 
schists,  is  no  argument  that  the  foliation  is  of  sedimen- 

>  MaccoUoch  states  (*  ClassificatioD  of  Rocks,'  p.  364)  that  prim- 
uy  limestones  are  often  found  in  irregular  masses  or  great  nodules, 
which  can  scarcely  be  said  to  possess  a  stratified  shape.' 
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tary  orfginj  without  it  be  further  shown  in  each  casa, 
that  the  folia  not  only  strike,  bat  dip  throu^'hout  in 
parallel  pUnee  with  those  of  the  trae  stratification. 

As  in  Bonie  cases  it  appears  that  where  a  fissile  rock 
has  been  exposed  to  partial  metamorphic  action — for 
instance,  from  the  irruption  of  granite — the  foliation 
haa  supervened  on  the  already  existing  clearage-plaiiee ; 
Bo  perhaps,  in  some  instances,  the  foliation  of  a  rock  may 
hare  been  determined  by  the  original  planes  of  deposi- 
tion or  of  oblique  cnirent-laminse :  I  have,  however, 
myself,  never  seen  sach  a  case,  and  I  must  maintain  that 
in  most  extensive  metamorphic  areas,  the  foliation  is 
the  extreme  result  of  that  process,  of  which  cleavage 
is  the  first  effect.  That  foliation  may  arise  without  any 
previous  structural  arrangement  in  the  mass,  we  may 
infer  from  inji^ctpd,  and  therefore  once  liquefied,  rocks, 
both  of  volcanic  and  plntonic  origin,  sometimee  baring 
a  '  grain '  (as  expressed  by  Professor  Sedgwick),  and 
sometimes  being  composed  of  distinct  folia  or  laminae  of 
different  compositions.  In  the  earlier  chapters  of  the 
present  work,  I  have  given  several  instances  of  this  struo- 
ture  in  volcanic  rocks,  and  it  is  not  nncommonly  seen  in 
pluConic  masses — thus,  in  the  Cordillera  of  Chile,  there 
are  gigantic  monntain-Iike  masses  of  red  granite,  which 
have  been  injected  whilst  liquefied,  and  which  neverthe- 
less, display  in  parts  a  decidedly  laminar  structure.' 

Finally,  we  have  seen  that  the  planes  of  cleavage 
and  of  foliation — that  la,  of  the  incipient  process  and  of 
the  6nal  result — generally  strike  parallel  to  the  principal 

■  As  remarked  in  a  former  part  of  this  chapter,  I  suspect  that 
the  boldly  conical  mountniDS  of  gneiss -granite,  near  Bio  de  Janeiro, 
in  which  the  constitneat  minerals  art*  arrangod  in  parallel  planes, 
are  of  intrusive  origin.  We  must  not,  howeier,  forgcl  the  lesson  ol 
caotion  laught  by  tbe  curious  clay-stone  porphyries  of  Port  Desire, 
in  which  ne  have  seen  that  the  breaking  up  and  aggregation  of  a 
thinly  stratified  tnfaceone  mitss,  has  yielded  a  rocli  semi-porphyritlo 
«ith  crystaliof  IsldspaifBimiged  in  Uie  planes  of  original  deposition 
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axes  of  elevation,  and  to  tbe  outline  of  the  land :  the 
strike  of  the  axes  of  elevation  (that  is,  of  the  lines  of 
fissures  with  the  strata  on  their  edges  upturned),  ac- 
cording to  the  reasoning  of  Mr.  Hopkins,  is  determined 
by  the  form  of  the  area  undergoing  changes  of  level, 
and  the  consequent  direction  of  the  lines  of  tension  and 
fissure.  Now,  in  that  remarkable  pile  of  volcanic  rocks 
at  Ascension,  which  has  several  times  been  alluded  to 
(and  in  some  other  cases),  I  have  endeavoured  to  show,* 
that  the  lamination  of  the  several  varieties,  and  their 
alternations,  have  been  caused  by  the  moving  mass,  just 
before  its  final  consolidation,  having  been  subjected  (as 
in  a  glacier)  to  planes  of  diflferent  tension,  this  difier- 
ence  in  the  tension  afiecting  the  crystalline  and  concre- 
tionary processes.  One  of  the  varieties  of  rock  thus 
produced  at  Ascension,  at  first  sight,  singularly  resembles 
a  fine-grained  gneiss ;  it  consists  of  quite  straight  and 
parallel  zones  of  excessive  tenuity,  of  more  and  less 
coloured  crystallised  feldspar,  of  distinct  crystals  of 
quartz,  diopside,  and  oxide  of  iron.  These  considera- 
tions, notwithstanding  the  experiments  made  by  Mr. 
Fox,  showing  the  influence  of  electrical  currents  in  pro- 
ducing a  structure  like  that  of  cleavage,  and  notwith- 
standing the  apparently  inexplicable  variation,  both  in 
the  inclination  of  the  cleavage-laminae  and  in  their  dip- 
ping first  to  one  side  and  then  to  the  other  side  of  the  line 
of  strike,  lead  me  to  suspect  that  the  planes  of  cleavage 
and  foliation  are  intimately  connected  with  the  planes 
of  different  tension,  to  which  the  area  was  long  sub- 
jected, afi&r  the  main  fissures  or  axes  of  upheavement 
had  been  formed,  but  before  the  final  consolidation  of 
the  mass  and  the  total  cessation  of  all  molecular  move- 
ment. 

>  See  Chapter  III.  of  the  present  work 
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I  " 

■  Central   ChiU — Bated  /omfutima  if  tie  CardiiUra — Origin  (/  tJit 

■  purphyntic  elay-ttime  eoKglomtrate — Anderitt — Volcanic  roekt  — 

■  Section  pf  the  CoTdiUera  by  tlit  Prtiqvaut*  or  PoTtiilo  Pati—Grmt 
H  gyjitemu /vrmatian — Peitgtienet  line:  thietnftM  af  ttrata.fotiAUaf 
H  — PartHle  linr,  eongUimwait,  ortAilia  frauile,  miea-iahi*t,  itnid 
B                    tolcanic  reeit  if — Q/neVudiiim  remarla  en  thedeandatiimandrleiia- 

tion  of  the  POTttllB  lint — Seetien  by  tht  Cumhrt  or  Utpallata  Pott 
^PoTpAyriei — Gt/jnenvi  itTota^- SfHinit  near  Puente  del  Tnca: 
feniU  of^Oreat  mbtidenee — Intrvtive  perphyriet — Plain  <f  Ut- 
jmtlat/t — Seotiirn  nf  the  UtpdUata  chain — Slruatwe  and  nature  ef 
the  itrata, — Silieijied  vertieal  trm — Great  tahiidenre-  Qranitit 
raekiofaxii — Coaclttdiiig  remafh  on  the  Uljiallata  nmj/e ;  ortfin 
rvbiequent  to  that  of  ihe  main  GerrdMlera  ;  tieo  periedt  tf  t\Antl- 
ence  ;  compa/ritan  Kith  the  Portillo  chain. 

The  district  between  the  Cordillera  and  the  Pacific,  on 
ft  rade  average,  is  from  about  eighty  to  one  bnndred 
miles  in  width.  It  is  crossed  by  many  chains  of  monn- 
tains,  of  which  the  principal  ones,  in  the  latitude  of 
Valparaiso  and  southward  of  it,  range  nearly  north  and 
south ;  but  in  the  more  northern  parts  of  the  province, 
they  run  in  almost  every  possible  direction.  Near  th© 
Pacific,  the  monntain-ranges  are  generally  formed  of 
syenite  or  granite,  or  of  an  allied  enritic  porphyry ;  in 
the  low  conntry,  besides  these  granitic  rocks  and  green- 
stone, and  much  gneiaa,  there  are,  especially  northward 
of  Valparaiso,  some  considerable  diatricte  of  tme  clay- 
slate  with  quartz  veins,  passing  into  a  feldspathic  and 
porphyritic  slate;   there  ia  also  some  granwacbe  and 
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quartzose  and  jaspery  rocks,  the  latter  occasionally 
ckssuming  the  character  of  the  basis  of  clay-stone  por- 
phyry :  trap-dikes  are  numerous.  Nearer  the  Cordillera 
.the  ranges  (such  as  those  of  S.  Fernando,  the  Prado,^ 
and  Aconcagua)  are  formed  partly  of  granitic  rocks, 
and  partly  of  purple  porphyritic  conglomerates,  clay- 
stone  porphyry,  greenstone  porphyry,  and  other  rocks, 
such  as  we  shall  immediately  see  form  the  basal  strata 
of  the  main  Cordillera.  In  the  more  northern  parts  of 
Chile,  this  porphyritic  series  extends  over  large  tracts 
of  country  far  &om  the  Cordillera ;  and  even  in  Central 
Chile  such  occasionally  occur  in  outlying  positions. 

I  will  describe  the  Campana  of  Quillota,  which 
stands  only  fifteen  miles  from  the  Pacific,  as  an  instance 
of  one  of  these  outlying  masses.  This  hill  is  conspicuous 
from  rising  to  the  height  of  6,400  feet :  its  summit 
shows  a  nucleus,  uncovered  for  a  height  of  800  feet,  of 
fine  greenstone,  including  epidote  and  octahedral  mag- 
netic iron  ore;  its  flanks  are  formed  of  great  strata 
of  porphyritic  clay-stone  conglomerate,  associated  with 
various  true  porphyries  and  amygdaloids,  alternating 
with  thick  masses  of  a  highly  feldspathic,  sometimes 
porphyritic,  pale-coloured  slaty  rock,  with  its  cleavage- 
laminaB  dipping  inwards  at  a  high  angle.  At  the  base 
of  the  hill  there  are  syenites,  a  granular  mixture  of 
qaartz  and  feldspar,  and  harsh  quartzose  rocks,  all  be- 
longing to  the  basal  metamorpUc  series.  I  may  ob- 
serve that  at  the  foot  of  several  hills  of  this  class,  where 
the  porphyries  are  first  seen  (as  near  S.  Fernando,  the 
Prado,  Las  Yacas,  &c.),  similar  harsh  quartzose  rocks 
and  gi*anular  mixtures  of  quartz  and  feldspar  occur,  as 
if  the  more  fusible  constituent  part«  of  the  granitio 
series  had  been  drawn  off  to  form  the  overlying  por- 
phyries. 

>  Mejen,  *  Reiae  am  Erde/  Tb.  1,  8.  236w 
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In  Central  CbSe,  the  flanks  of  the  main  Cordillera, 
into  which  I  penetrated  by  four  diSereot  valleys,  gene- 
rally coneiet  of  distinctly  stratified  rocks.  The  strata 
are  inclined  at  angles  varying  frcm  sometimes  even 
under  ten,  to  twenty  degrees,  very  rarely  exceeding 
forty  degrees:  in  eome,  however,  of  the  qaite  Bmoll, 
exterior,  spur-like  ridges,  the  inclination  was  not  nnfr»> 
qnently  greater.  The  dip  of  the  strata  in  the  main 
outer  lines  was  nsnally  outwards  or  from  the  Cordillera, . 
but  in  Northern  Chile  frequently  iuwards, — that  ia^. 
their  basset^edges  fronted  the  Pacific.  Dikes  occur  ia 
extraordinary  numbers.  In  the  great,  central,  loftiest 
ridges,  the  strata,  as  we  shall  presently  see,  are  almost 
always  highly  inclined  and  often  vertical.  Before  giving 
a  detailed  account  of  my  two  sections  across  the  Cor- 
dilli.'ni,  it  willj  I  think,  be  convfnient  to  describe  the 
baaal  strata  as  seen,  often  to  a  thickness  of  4,000  or 
5,000  feet,  on  the  flanks  of  the  outer  lines. 

BoiaX  Strata  of  the  Cordillera.  —  The  prevailing 
rock  is  a  purplish  or  greenish,  porphyritic  clay-stono 
conglomerate.  The  embedded  fragments  vary  in  size 
from  mere  particles  to  blocks  as  much  as  six  or  eight 
inches  (rarely  more)  in  diameter ;  in  many  places,  where 
the  fragments  were  minute,  the  signs  of  (iqueous  depo- 
sition were  unequivocally  distinct;  where  they  were 
large,  such  evidence  could  rnroly  be  detected.  The 
basis  is  generally  porphyritic  with  perfect  crystals  of 
feldspar,  and  resembles  that  of  a  true  injected  clay- 
stone  porphyry:  often,  however,  it  has  a  mechanical 
or  sedimentary  aspect,  and  sometimes  (as  at  Jajnel)  ia 
Jaspery.  The  included  fragments  are  either  angular, 
or  partially  or  quite   rounded ; '    in   some  parts  the 

>  Some  of  the  ronoded  frngmsnta  in  the  porphyritic  conglonerats 
aeaj  the  Bathe  of  (JauqueneB,  were  marked  with  lodiiand  concentria 
Moea  of  different  ihsdes  of  coloar  i  aaj  one  who  did  not  know  that 
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rounded,  in  others  the  angular,  fragments  prevail,  and 
usually  both  kinds  are  mixed  together :  hence  the  word 
breccia  ought  strictly  to  be  appended  to  the  term  par^ 
phyritic  conglomerate.  The  fragments  consist  of  many 
varieties  of  clay- stone  porphyry,  usually  of  nearly 
the  same  colour  with  the  surrounding  basis,  namely, 
purplish-reddish,  brownish,  mottled  or  bright  green; 
occasionally  fragments  of  a  laminated,  pale-coloured| 
feldspathic  rock,  like  altered  clay-slate,  are  included ; 
as  are  sometimes  grains  of  quartz ;  but  only  in  one  in- 
stance in  Central  Chile  (namely,  at  the  mines  of  Jajuel) 
a  few  pebbles  of  quartz.  I  nowhere  observed  mica  in 
this  formation,  and  rarely  hornblende ;  where  the  latter 
mineral  did  occur,  I  was  generally  in  doubt  whether 
the  mass  really  belonged  to  this  formation,  or  was  of 
intrusive  origin.  Calcareous  spar  occasionally  occurs 
in  small  cavities ;  and  nests  and  layers  of  epidote  are 
common.  In  some  few  places  in  the  finer-grained 
varieties  (for  instance,  at  Quillota),  there  were  short, 
interrupted  layers  of  earthy  feldspar,  which  could  be 
traced,  exactly  as  at  Port  Desire,  passing  into  large 
crystals  of  feldspar :  I  doubt,  however,  whether  in  this 
instance  the  layers  had  ever  been  separately  deposited 
as  tufaceous  sediment. 

All  the  varieties  of  porphyritic  conglomerates  and 
breccias  pass  into  each  other,  and  by  innumerable 
gradations  into  porphyries  no  longer  retaining  the  least 
trace  of  mechanical  origin:  the  transition  appears  to 
have  been  effected  much  more  easily  in  the  finer-grained, 
than  in  the  coarser-grained  varieties.  In  one  instance, 
near  Cauquenes,  I  noticed  that  a  porphyritic  conglo- 

pebbles — ^for  instance,  flint  pebbles  from  the  chalk — are  sometime! 
zoned  concentrically  with  their  worn  and  roanded  surfaces,  might 
have  been  led  to  infer  that  these  balls  of  porphyry  were  not  tme 
pebbles,  but  had  originated  in  conoretionary  action. 


merate  assumed  a  spheroidal  structtire,  and  tended  to 
become  columnar.  Besides  tlie  porphyritic  conglomerates 
and  the  perf€>ctly  characterised  porphyries  of  meta- 
morphic  origin,  there  are  other  porphyries  which, 
though  diHering  not  at  all  or  ooly  slightly  in  composi- 
tion, certainly  have  had  a  different  origin  ;  these  coQsist 
of  pink  or  parple  clay-stone  porphyriea,  sometimes 
inclading  grains  of  quartz, — of  greenstone  porphyry, 
and  of  other  dusky  rocks,  all  generally  porphyritic  with 
fine,  large,  tabular,  opaque  crystals,  often  placed  cross- 
wise, of  feldspar  cleaving  like  albite  (judging  from 
several  measurements),  and  often  amygdaloidal  with 
silex,  agate,  carbonate  of  lime,  green  and  brown  bole.' 
These  several  porphyritic    and   amygdaloidal    varieties 

'  This  bola  iffaTer/comraon  mlneml  in  tlie  amy^aloiilal  rocks; 
itia  genrmlli;  nf  n  green i*h-broiviL  ixilniir.  with  arailiiiMngslnicture; 

szterDaii?  ic  19  black  witb  an  almost  mctJiliic  lustre,  bat  otteo 
coaled  b;  a  bright  green  film.    It  is  soft  and  nan  be  scratched  bj  a 

n"1 ;  ander  the  blowpipe  swells  greatly  and  becomes  scaly,  then 
B  easily  into  a  black  magDeticl^ad.  ThisaDbstanceUevideQlly 
EimitBr  to  that  which  often  occars  in  nuhiiiarine  votcaoic  rooks. 
Ad  examination  of  sorae  very  curiona  specimens  of  a  fine  porpbyiy 
(from  Jajuel)  leads  me  to  suspect  that  some  of  these  amygdaloidal 
balls,  instead  of  having  been  deposited  ia  pre-eiisiing  air-vesiclea, 
are  of  concretionary  origin ;  for  in  these  specimens,  soma  of  the 
pea-shaped  little  masses  (often  eitemally  marked  with  minute  pits) 
are  formed  ol  a  mixture  of  green  earth  with  siony  matter,  like  the 
basis  of  the  porphyry,  inclading  minute  imperfect  crystals  of  feldspar; 
and  these  pea-shaped  little  masses  are  themselves  amygdaloidal  with 
minal«  spheres  of  the  green  earth,  each  envelopedby  afilm  of  white, 
apparently  feldspathic,  earthy  matter :  so  that  the  porphyry  is  doably 
amygdaloidal.  It  should  not,  however,  he  overlooked,  that  alt  the 
strata  here  have  undergone  metamorphic  action,  which  may  have 
caused  crystals  of  feldspar  to  appear,  and  other  changes  ta  ba 
effected,  in  the  originally  simple  amygdaloidal  balls.  Mr.  J.  D. 
Dana,  in  an  eicellent  paper  on  Trap  rooks  ('  Bdin.  New  Phil.  Journ.' 
vol.  zli.  p.  138).  has  argued,  with  great  force,  that  all  amygdaloidal 
minerals  have  been  deposited  by  aqueOQS  inliltration.  I  may  take  ' 
this  opportunity  of  alluding  to  a  curious  case,  described  in  Chapter 
H.of  the  present  work,  of  an  amygdaloidal  rock,  with  many  of  the 
cells  only  half  filled  up  with  a  mesotypic  mineral. 

M.  Itosc  has  described  an  amygdaloid,  brought  bj  Dr.  Meyen 
('lleiseumErde.'Th.  1,  3.  316)  from  Ch'Je,  a«  consisting  of  crj-stall- 
ised  quartz,  with  orystals  of  stilbite  within,  and  lined  eiternally  bj 
green  earth. 
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never  show  any  signs  of  passing  into  masses  of  sedi- 
mentary  origin :  they  occur  both  in  great  and  small 
intrusive  masses,  and  likewise  in  strata  alternating  with 
those  of  the  porphyritic  conglomerate,  and  with  the 
planes  of  junction  often  quite  distinct,  yet  not  seldom 
blended  together.  In  some  of  these  intrusive  masses, 
the  porphyries  exhibit,  more  or  less  plainly,  a  brecciated 
structure,  like  that  often  seen  in  volcanic  masses.  These 
brecciated  porphyries  could  generally  be  distinguished 
at  once  from  the  metamorphosed,  porphyritic  breccia- 
conglomerates,  by  all  the  fragments  being  angular  and 
being  formed  of  the  same  variety,  and  by  the  absence 
of  every  trace  of  aqueous  deposition.  One  of  the  por- 
phyries above  specified,  namely,  the  greenstone  porphyry 
with  large  tabular  crystals  of  albite,  is  particularly 
abundant,  and  in  some  parts  of  the  Cordillera  (as  near 
St.  Jago)  seemed  more  common  even  than  the  purplish 
porphyritic  conglomerate.  Numerous  dikes  likewise 
consist  of  this  greenstone  porphyry ;  others  are  formed 
of  various  fine-grained  trappean  rocks ;  but  very  few 
of  clay  stone  porphyry  :  I  saw  no  true  basaltic  dikes. 

In  several  places  in  the  lower  part  of  the  series,  but 
not  everywhere,  thick  masses  of  a  highly  feldspathic, 
often  porphyritic,  slaty  rock  occur  interstratified  with 
the  porphyritic  conglomerate :  I  believe  in  one  or  two 
cases  blackish  limestone  has  been  found  in  a  similar 
position.  The  feldspathic  rock  is  of  a  pale  grey  or 
greenish  colour ;  it  is  easily  fusible ;  where  porphyritic, 
the  crystals  of  feldspar  are  generally  small  and  vitreous ; 
it  is  distinctly  laminated,  and  sometimes  includes 
parallel  layers  of  epidote ;  *  the  lamination  appears  to 

>  This  mineral  is  extremely  common  in  aU  the  formations  of  Chile ; 
in  the  gneiss  near  Valparaiso  and  in  the  granitic  veins  crossing  it,  in 
the  injected ^eenstone  crowning  the  O.of  Qaillota,  in  somegranitio 
porphyries,  in  the  porphyritic  conglomerate,  and  in  the  feldspathio 
clay-slates. 
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\m  fetiaeft  ftow  tnrilfr-arinii  OttMonllr  iKu  nxA 
>i— awlwl  cariou;  lad  rt  one  ^ot,  Mmely,  afc  tte 
&  rf<^ifflBta,  it  had  >  hwrrwlwi  Oradan.  New  lbs 
■^aaT Jqoel,  to  a  tiuel:  tfntoB  itf  tkb  iAkp>riii(T. 
pwfhjiiliB  iitf«:,  dere  wm  b  l^cr  of  haid,  '■'"*^^. 
■niwpi^  iafnibia^  eonpKC  claLy-sIate,  lo^  ••  I  mm 
DoiAen  chs:  at  tfae  «ae  plM»  1  wm  «fab  to  fdAem 
flva Kiiwih  iililii  ifM^Mifi' tha  JBi^ian  beC<reeii  the  elata 
•ad  tbe  eDofacnwblj  nder^ia^  parpiiyritic  oaogli>- 
■mte,  uid  thcj'  ceftnaJt)'  ptsed  gndsftUy  into  bm^ 
«lJwr.  Wlierevior  theae  liatf  &ld>|Mtiue  rockg  afaoand, 
grmutooe  aeems  oodiidoo  ;  at  the  C.  of  QBillota  a  bed 
of  ireU-CTTstaliised  greenctane  Uj  ooaCarmablj  in  tliA 
miilBf  of  t!i>?  fpliispathip  ^!at^,  with  tiw  npfier  and  lower 
janctioDS  passing  inseosiblj'  into  it.  From  this  fitct, 
and  from  the  frequently  porphyritic  condition  of  tha 
slate,  I  should  perhaps  have  considered  this  rock  as  an 
erupted  one  (like  certain  laminated  feldspathic  lavas 
in  the  trachytic  series),  had  I  not  seen  in  T.  del  Fnego 
how  readily  tme  clay-slate  becomes  feld^pathic  aod 
[>orphvritic,  and  had  I  not  Been  at  Jajuel  the  included 
layer  of  black,  siliceons  clay-slate,  which  ao  one  could 
have  thooght  of  igneona  origin.  The  gentle  passage 
of  the  fel'Jspathic  slate,  at  Jajuel,  into  the  porphyritic 
conjjlomerate,  which  is  certainly  of  aqneons  origin, 
eh  on  Id  also  be  taken  into  account. 

The  alternating  strata  of  porphyries  and  porphyritic 
conglomerate,  and  with  the  occasionally  included  beds 
of  feld^pathic  slate,  together  make  a  grand  formation ; 
in  sei^eral  places  within  the  Cordillera  I  estimated  its 
thickness  at  from  6,000  to  7,000  feet.  It  ext«nda  for 
many  hundred  miles,  forming  the  western  flank  of  tha 
Chilian  Cordillera;  and  even  at  Iquique  in  Pern,  850 
miles  north  of  tbe  southernmost  point  examined  by  me 
in  Chile,  the  coast-escarpment,  which  rises  to  a  height 
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of  between  2,000  and  3,000  feet,  is  thus  composed.  In 
several  parts  of  Northern  Chile  this  formation  extends 
much  farther  towards  the  Pacific,  over  the  granitic  and 
metamorphic  lower  rocks,  than  it  does  in  Central  Chile; 
but  the  main  Cordillera  may  be  considered  as  its  cen- 
tral line,  and  its  breadth  in  an  east  and  west  direction 
is  never  great.  At  first  the  origin  of  this  thick,  mass- 
ive, long  but  narrow  formation,  appeared  to  me  very 
anomalous:  whence  were  derived,  and  how  were  dis- 
persed the  innumerable  fragments,  often  of  large  size, 
sometimes  angular  and  sometimes  rounded,  and  almost 
invariably  composed  of  porphyritic  rocks  ?  Seeing  that 
the  interstratified  porphyries  are  never  vesicular  and 
often  not  even  amygdaloidal,  we  must  conclude  that  the 
pile  was  formed  in  deep  water ;  how  then  came  so  many 
fragments  to  be  well  rounded  and  so  many  to  remain 
angular,  sometimes  the  two  kinds  being  equally  mingled, 
sometimes  one  and  sometimes  the  other  preponder- 
ating? That  the  clay-stone,  greenstone,  and  other 
porphyries  and  amygdaloids,  which  lie  conformably  be- 
tween the  beds  of  conglomerate,  are  ancient  submarine 
lavas,  I  think  there  can  be  no  doubt ;  and  I  believe  we 
must  look  to  the  craters  whence  these  streams  were 
erupted,  as  the  source  of  the  breccia-conglomerate : 
after  a  great  explosion,  we  may  fairly  imagine  that 
the  water  in  the  heated  and  scarcely  quiescent  crater 
would  remain  for  a  considerable  time  *  suflSciently 
^agitated  to  triturate  and  round  the  loose  fragments 
lying  within  it :  these  rounded  fragments,  few  or  many 
in  number,  would  be  shot  forth  at  the  next  eruption, 
associated  with  a  few  or  many  angular  fragments,  ac- 
cording to  the  strength  of  the  explosion.    The  porphyr- 

>  This  certainly  seems  to  have  taken  place  in  some  recent  volcanlo 
archipelagos,  as  at  the  Galapagos,  where  namerons  craters  are  ezclna- 
ivelj  formed  of  toff  and  fragments  of  lava. 


478      Plutonic  Rocks  of  llie  Cordillera,     vox  n 

itic  conglomerate  being  purple  or  reddish,  ereo  whea 

alternatiDg  willi  dubky-coloured  or  bright  green  por- 

pbyriefl  and  amjgdaloida,  is   probably   an   analogoua 

I  eircuinstaace  to  the  scoriae  of  the  blackish  basalls  be- 

[  ing  often  bright  red.     The  ancient  submarine  orifices 

\  whence  the  porphyries  and  their  fragments  were  ejected 

I  liaviug  been  arrimged  in  &  band,  like  most  still  active 

I  Tolcauos,  accuante  for  the  thickness,  the  narronness,  and 

linear  exten^ioD  of  this  formation. 

This  whole  gieat  pile  of  rock  haa  sofiered  much 
metamorphic  action,  as  is  very  obvious  in  the  gradual 
formation  and  appearance  of  the  crystals  of  albitic 
feldspar  and  of  epidote — in  the  blending  together 
of  the  fragmeuts — in  the  appearance  of  a  lami- 
naled  structure  in  the  feldspatbic  slate — and,  lastly, 
in  t!ie  di^appoaraiife  of  t!ii^  plaii..-^  of  striitilittitiou, 
which  could  Bometimea  be  seen  on  the  same  mountain 
quite  distinct  in  the  upper  part,  less  and  less  plain  on 
the  flanks,  and  quite  obliterated  at  the  base.  Partly 
owing  to  this  metamorphic  action,  and  partly  to  the 
close  relationBhip  in  origin,  I  have  seen  fragments  of 
porphyries — taken  from  a  metamorphosed  conglomerate 
— from  a  neighbouring  stream  of  lava — from  the  nudeoa 
or  centre  (as  it  appeared  to  me)  of  the  whole  submarine 
Volcano — and  lastly  from  an  intrusive  mass  of  quit« 
subsequent  origin,  all  of  which  were  absolutely  nndiB* 
tinguishable  in  external  characters. 

One  other  rock,  of  plutonic  origin,  and  highly  im- 
portant in  the  history  of  the  Cordillera,  from  having 
been  injected  in  moat  of  the  groat  axes  of  elevation,  and 
from  having  apparently  been  instrumental  in  meta- 
morphosing the  superincumbent  strata,  may  be  con- 
veniently described  in  this  prelimiuary  discussion.  It 
has  been  called  by  some  authors  Andssile :  it  mainly 
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consists  of  well-crystallised  white  albite  *  (as  determined 
with  the  goniometer  in  nnmerons  specimens  both  by 
Professor  Miller  and  myself),  of  less  perfectly  crystall- 
ised green  hornblende,  often  associated  with  much 
mica,  with  chlorite  and  epidote,  and  occasionally  with 
a  few  grains  of  quartz :  in  one  instance  in  Northern 
Chile,  I  found  crystals  of  orthitic  or  potash  feldspar, 
mingled  with  those  of  albite.  Where  the  mica  and 
quartz  are  abundant,  the  rock  cannot  be  distinguished 
from  granite ;  and  it  may  be  called  andesitic  granite. 
Where  these  two  minerals  are  quite  absent,  and  when, 
as  often  then  happens,  the  crystals  of  albite  are  imper- 
fect and  blend  together,  the  rock  may  be  called  andes- 
itic porphyry,  which  bears  nearly  the  same  relation  to 
andesitic  granite  that  euritic  porphyry  does  to  common 
granite.  These  andesitic  rocks  form  mountain  masses 
of  a  white  colour,  which,  in  their  general  outline  and 
appearance — in  their  joints — in  their  occasionally  in- 
cluding dark-coloured,  angular  fragments,  apparently  of 
some  pre-existing  rock — and  in  the  great  dikes  branch- 
ing from  them  into  the  superincumbent  strata,  manifest 
a  close  and  striking  resemblance  to  masses  of  common 
granite  and  syenite :  I  never,  however,  saw  in  these 
andesitic  rocks,  those  granitic  veins  of  segregation 
which  are  so  common  in  true  granites.  We  have  seen 
that  andesite  occurs  in  three  places  in  Tierra  del  Puego ; 
in  Chile,  from  St.  Fernando  to  Copiapo,  a  distance  of 

>  I  here,  and  elsewhere,  call  by  this  name,  those  feldspathic  mine- 
rals which  cleave  like  albite  :  bat  it  now  appears  ('  Rdin.  New  Phil. 
Joum.'  vol.  xxiv.  p.  181)  that  Abich  has  analysed  a  mineral  from  the 
Cordillera,  associated  with  hornblende  and  quartz  (probably  the  same 
rock  with  that  here  mider  discussion),  which  cleaves  like  albite,  but 
which  is  a  new  and  distinct  kind,  called  by  him  AndeMne.  It  is 
allied  to  leucite,  with  the  greater  proportion  of  its  potash  replaced  by 
lime  and  soda.  This  mineral  seems  scarcely  distinguishable  from 
albite,  except  by  analysis. 
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450  miles,  I  foiind  it  under  moat,  of  the  axes  of  elevation ; 
in  a  foiiectiott  of  Bpeoimens  from  tlie  Cordillera  of  Lima 
in  Peru,  I  immediately  recognised  it ;  and  Erman ' 
states  that  it  occurs  in  eastern  Kamtacliatka.  From 
it«  wide  range,  and  from  the  important  part  it  has 
played  in  the  history  of  the  Cordillera,  I  think  thia 
rock  has  well  deserved  its  distinct  name  of  audesite. 

The  few  still  active  volcanos  in  Chile  are  confined 
to  the  central  and  loftiest  ranges  of  the  Cordillera;  and 
volcanic  matter,  such  as  appears  to  have  been  of  snb- 
oPrial  emption,  is  everywhere  rare.  According  to 
Meyen,*  there  is  a  hill  of  pumice  high  up  the  valley 
of  the  Maypu,  and  likewise  a  trachytic  formation  at 
Coliua,  a  village  situated  north  of  St.  Jago.  Close  to 
this  latter  city,  there  are  two  hills  formed  of  a  pale 
feldspathic  porphyry,  remarkahle  from  being  doubly 
columnar,  great  cylindrical  columns  being  subdivided 
into  smaller  four  or  five  aided  ones ;  and  a  third  hillock 
(Cerro  Blanco)  is  formed  of  a  fragmentary  mass  of 
rock,  which  I  believe  to  be  of  volcanic  origin,  inter- 
mediate in  character  between  the  above  feldspathic 
jKirphyry  and  common  trachyte,  and  containing  needles 
of  hornblende  and  granular  oxide  of  iron.  Near  the 
Baths  of  Cauquenes,  between  two  short  parallel  lines  of 
elevation,  where  they  are  intersected  by  the  valley,  there 
is  a  small,  though  distinct  volcanic  district ;  the  rock 
is  a  dark  grey  (andeaitic)  trachyte,  which  fuses  into  a 
greenish-grey  bead,  and  is  formed  of  long  crystals  of 
fractured  glassy  albite  (judging  from  one  measurement) 
mingled  with  well-formed  crystals,  often  twin,  of  augite. 
The  whole  mass  is  vesicular,  but  the  surface  is  darker 
coloured  and  mnch  more  vesicular  than  any  other  part. 
This  trachyte  forms  a  cliff-bounded,  horizontal,  □ 
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strip  on  the  steep  southern  side  of  the  valley,  at  the 
height  of  400  or  500  feet  above  the  river-bed ;  judging 
from  an  apparently  corresponding  line  of  cliff  on  the 
northern  side,  the  valley  must  once  have  been  filled  up 
to  this  height  by  a  field  of  lava.  On  the  summit  of  a 
lofty  mountain  some  leagues  higher  up  this  same  valley 
of  the  Cachapual,  I  found  columnar  pitchstone  porphy- 
ritic  with  feldspar ;  I  do  not  suppose  this  rock  to  be 
of  volcanic  origin,  and  only  mention  it  here,  from  its 
being  intersected  by  masses  and  dikes  of  a  vesicidar 
rock,  approaching  in  character  to  trachyte ;  in  no  other 
part  of  Chile  did  I  observe  vesicular  or  amygdaloidal 
dikes,  though  these  are  so  common  in  ordinary  volcanic 
districts. 


Passage  of  the  Andes  by  the  Portillo  or  Petiquenes 

Pass. 

Although  I  crossed  the  Cordillera  only  once  by  this 
pass,  and  only  once  by  that  of  the  Cumbre  or  Uspallata 
(presently  to  be  described),  riding  slowly  and  halting 
occasionally  to  ascend  the  mountains,  there  are  many 
circumstances  favourable  to  obtaining  a  more  faithful 
sketch  of  their  structure  than  would  at  first  be  thought 
possible  from  so  short  an  examination.  The  mountains 
are  steep  and  absolutely  bare  of  vegetation ;  the  atmo- 
sphere is  resplendently  clear ;  the  stratification  distinct ; 
and  the  rocks  brightly  and  variously  coloured :  some  of 
the  natural  sections  might  be  truly  compared  for  dis- 
tinctness to  those  coloured  ones  in  geological  works. 
Considering  how  little  is  known  of  the  structure  of  this 
gigantic  range,  to  which  I  particularly  attended,  most 
travellers  having  collected  only  specimens  of  the  rockS| 
I  think  my  sketch-sections,  though  necessarily  imper* 
feet,  possess  some  interest.  The  section  given  in  Plate  I 


T5»ii*p«— .rt-.-— =  --  -cT3^^-». 

Tin  73T-i!i^T*  bsTE.  Kod  indsed  I  belkwi  iSmm^nHt 

mriEiit&rE-liiiSi  Tm-inp-  nijrii,  or  nnii  vidi  ft  lioie 
^^siiiir.  K2£  prTiLiL  Same  ertHrior  and  isBch  lower 
rja£~f  T'fr-fni  VBTT  oOTJBidersK'T  frmn  liiifi  oouirac,  pro- 
_i^rTir:r  liie  T'Iudq?  fiiinrs  froiE  die  main  nat^eez  is 
tiie  dkird:^  i':<wi^df  xse  PaciSc  liv  muunlaa^  ■■  be- 

tKii  veFt-  In  Lb^  rT!<i.TTi  er^tTicir  lirnw.  Hit  A'ata.  as  also 
le}"?re  reniBrkfd.  are  s^jtiom  inclii>ad  ^  a  hisb  >Bg^; 
bat  in  toe  csenirtt  Ipfty  riu^es  dier  are  alnio*  always 
bi^hh-  incHDed.  te^:^<si  br  m&tij  great  baits,  a&d  often 
Tertica.1.  As  fc  as  I  wmJd  jnd je,  few  trf  ifce  ranges  ar« 
of  gr^at  len^ih ;  aad  in  ite  tienlisl  parte  of  the  Cw^ 
di'lera,  I  was  freqnentlj  able  t.o  fc^ow  wili  my  aye  a 
ridge  graduaUj  becoming  hig-ber  and  higher,  as  ths 
Btratification  increased  in  inclination,  from  one  end 
where  iteheigfatwastridingaudiiaEtratag'ratljincliDed 
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fco  the  other  end  where  vertical  strata  formed  snow-clad 
pinnacles.  Even  outside  the  main  Cordillera,  near  the 
baths  of  Cauquenes,  I  observed  one  such  case,  where  a 
nortli  and  south  ridge  had  its  strata  in  the  valley  in- 
clined at  37^,  and  less  than  a  mile  south  of  it  at  67^^: 
anotlier  parallel  and  similarly  inclined  ridge  rose  at  the 
distance  of  about  five  miles,  into  a  lofly  mountain  with 
absolutely  vertical  strata.  Within  the  Cordillera,  the 
height  of  the  ridges  and  the  inclination  of  the  strata 
often  became  doubled  and  trebled  in  much  shorter  dis- 
tances than  five  miles :  this  peculiar  form  of  upheaval 
probably  indicates  that  the  stratified  crust  was  thin, 
and  hence  yielded  to  the  underlying  intrusive  masses 
unequally,  at  certain  points  on  the  lines  of  fissure. 

The  valleys,  by  which  the  Cordillera  are  drained, 
follow  the  anticlinal  or  rarely  synclinal  troughs,  which 
deviate  most  from  the  usual  north  and  south  course ;  or 
still  more  commonly  those  lines  of  faults  or  of  unequal 
curvature  (that  is,  lines  with  the  strata  on  both  hands 
dipping  in  the  same  direction,  but  at  a  somewhat 
different  angle)  which  deviate  most  from  a  northerly 
course.  Occasionally  the  torrents  run  for  some  distance 
in  the  north  and  south  valleys,  and  then  recover  their 
eastern  or  western  course  by  bursting  through  the  ranges 
at  those  points  where  the  strata  have  been  least  inclined 
and  the  height  consequently  is  less.  Hence  the  valleys, 
along  which  the  roads  run,  are  generally  zigzag ;  and, 
in  drawing  an  east  and  west  section,  it  is  necessary  to 
contract  greatly  that  which  is  actually  seen  on  the  road. 

Commencing  at  the  western  end  of  the  coloured 
section  [Plate  I.]  where  the  R.  Maypu  debouches  on  the 
plain  of  St.  Jago,  we  immediately  enter  on  the  por- 
phyritic  conglomerate  formation,  and  in  the  midst  of 
it  find  some  hummocks  [A]  of  granite  and  syenite, 
which  probably  (for  I  neglected  to  collect  specimens) 

82 
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belong  to  the  UTidesitic  clasa.  These  are  succeetled  by 
some  rug^'ed  liilla  [^]  of  dark-green,  crystalline,  Teld- 
Bpathic  and  in  some  ports  alaty  rocks,  which  I  be- 
lieve belong  to  the  altered  clay-slate  formation.  From 
thia  point,  great  mountains  of  purplish  and  greenish, 
generally  thinly  Btratified,  highly  porphyritic  coDglo- 
merates,  including  many  strata  of  aniygdaloidal  and 
greenstone  porphyries,  extend  np  the  valley  to  the 
junction  of  the  rivers  Yeso  and  Volcan.  As  the  valloy 
here  rans  in  a  very  sontherly  course,  the  width  of  the 
porphyritic  conglomerate  formation  is  quite  conjectural ; 
sud  from  the  same  canse,  I  was  nnable  to  make  out 
much  about  the  stratification.  In  most  of  the  exterior 
mountains  the  dip  was  gentle  and  directed  inwards; 
and  at  only  one  spot  I  observed  an  inclination  aa  high 
as  50°.  Near  the  junction  of  the  R.  Colorado  with  the 
main  stream,  there  is  a  hill  of  whitish,  brecciated, 
partially  decomposed  feldspathic  porphyry,  having  a 
volcanic  aspect  but  not  being  really  of  that  nature:  at 
Tolla,  however,  in  this  valley.  Dr.  Meyeu '  met  with  a 
hill  of  pumice  containing  mica.  At  the  junction  of 
the  Teso  and  Volcan  [D]  there  is  an  extensive  mass,  in 
white  conical  hillocks,  of  andesite,  containing  some 
mica,  and  passing  either  into  andesitic  granite,  or  into 
a  spotted,  semi-granular  mixtnre  of  alhitic  (?)  feldspar 
and  hornblende :  in  the  midst  of  this  formation  Dr. 
Meyen  found  true  trachyte.  The  andesite  is  covered 
by  strata  of  dark-coloured,  crystalline,  obscurely  por- 
phyritic rocke,  and  above  them  by  the  ordinary  por- 
phyritic conglomerates, — the  strata  all  dipping  away  at 
s  small  angle  from  the  underlying  mass.  The  surround- 
ing lofty  monntains  appear  to  be  entirely  composed 
of  the  porphyritic  conglomerate,  and  1  estimated  its 
thickness  here  at  between  6,000  and  7,000  feet. 
>  •  Belw  nm  Eido.'  Th.  1.  S3.  338,  311. 
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Beyond  the  junction  of  the  Yeso  and  Volcan,  the 
porphyritic  strata  appear  to  dip  towards  the  hillocks  of 
andesite  at  an  angle  of  40^ ;  but  at  some  distant  points 
on  the  same  ridge  they  are  bent  up  and  vertical. 
Following  the  valley  of  the  Yeso,  trending  NE.  (and 
therefore  still  unfavourable  for  our  transverse  section), 
the  same  porphyritic  conglomerate  formation  is  pro- 
longed to  near  the  Cuestadel  Indio,  situated  at  the 
western  end  of  the  basin  (like  a  drained  lake)  of  Yeso. 
Some  way  before  arriving  at  this  point,  distant  lofty 
pinnacles  capped  by  coloured  strata  belonging  to  the 
great  gypseous  formation  could  first  be  seen.  Prom 
the  summit  of  the  Cuesta,  looking  southward,  there  is 
a  magnificent  sectional  view  of  a  mountain-mass,  at 
least  2,000  feet  in  thickness  [E],  of  fine  andesitic 
granite  (containing  much  black  mica,  a  little  chlorite 
and  quartz),  which  sends  great  white  dikes  far  into  the 
superincumbent,  dark-coloured,  porphyritic  conglome- 
rates. At  the  line  of  junction  the  two  formations  are 
wonderfully  interlaced  together :  in  the  lower  part  of 
the  porphyritic  conglomerate,  the  stratification  has 
been  quite  obliterated,  whilst  in  the  upper  part  it  is 
very  distinct,  the  beds  composing  the  crests  of  the 
surrounding  mountains  being  inclined  at  angles  of 
between  70°  and  80°,  and  some  being  even  vertical. 
On  the  northern  side  of  the  valley,  there  is  a  great 
corresponding  mass  of  andesitic  granite,  which  is 
encased  by  porphyritic  conglomerate,  dipping  both 
on  the  western  and  eastern  sides,  at  about  80°  to  west, 
but  on  the  eaptem  side  with  the  tips  of  the  strata  bent 
in  such  a  manner,  as  to  render  it  probable  that  the 
whole  mass  had  been  on  that  side  thrown  over  and 
inverted. 

In  the  valley-basin  of  the  Yeso,  which  I  estimated 
at  7,000  feet  above  the  level  of  the  sea,  we  first  reach 


at  [F]  the  ^ypaeoua  formation.  Its  thickness  is  very 
(Treat.  It  cotisiate  in  moat  parts  of  anow-whita,  hard, 
compact  gypanm,  wbich  breaks  with  &  saiicharine  frac- 
ture, having  translucent  edges ;  under  the  blowpipa 
gives  out  much  vapour;  it  frequently  includes  nesta 
and  exceedingly  thin  layers  of  cryatallisod,  blackish 
carbonate  of  lime.  Large,  irreguUrly  shaped  concre- 
tions {externally  still  Hxbibiting  lines  of  aqueous 
deposition)  of  bkckiah-gray,  but  Bometimes  white, 
coarsely  and  brilliantly  crystallised,  hard  anhydrite, 
abound  within  the  common  gypsum.  Hillocks,  formed 
of  the  hardest  and  purest  varieties  of  the  white  gypHum, 
stand  np  above  the  surrounding  parts,  and  have  their 
snrfaces  cracked  and  marked,  jnat  like  newly  baked 
bread.  There  is  much  pale  brown,  soft,  argillaeeona 
gypsum ;  and  there  were  some  intercalated  green  beds 
which  I  had  not  time  to  reach,  I  saw  only  one  frag- 
ment of  selenite  or  transparent  gvpsum,  and  that 
perhaps  may  have  come  from  some  subsequently  formed 
vein.  From  the  mineralogical  characters  here  given, 
it  is  probable  that  these  gypseous  beds  have  undergone 
some  metamorphic  action.  The  strata  are  much  bidden 
by  detritus,  but  they  appeared  in  most  parts  to  be 
highly  inclined ;  and  in  an  adjoining  lofly  pinnacle  they 
could  be  distinctly  seen  bending  np,  and  becoming 
vertical,  conformably  with  the  underlying  porphyritio 
conglomerate.  In  very  many  parts  of  the  great  moun- 
tain-face [¥],  composed  of  thin  gypseous  beds,  ther« 
were  innumerable  masses,  irregularly  shaped  and  nob 
like  dikes,  yet  with  well-defined  edges,  of  an  imperfectly 
granular,  pale  greeniah  or  yellowish-white  rock,  easen- 
tially  comiKisBd  of  feldspar,  with  a  little  chlorite  or 
hornblende,  epidote,  iron-pyrites,  and  ferruginous  pow- 
der :  I  believe  that  these  curious  trappean  masses  have 
been  injected  from  the  not  far  distant  mountain-mass 


CHAP.  xiT.  Gypseous  Formation.  487 

[E]  of  andesite  whilst  still  flcid,  uid  that  owing  to  the 
Boilneaa  oF  the  gypseous  strata  they  have  not  acquired 
tlie  ordinary  forms  of  dikes.  Subsequently  to  the 
injection  of  these  feldspathic  rocks,  a  great  dislocation 
has  token  place ;  and  the  mnch  shuttered  gypseous 
strata  here  overlie  a  hillock  [Q],  composed  of  vertical 
strata  of  impnre  limestone  and  of  black  highly  calcare- 
ous shale  including  threads  of  gypsnm :  these  rocks,  as 
we  shall  presently  see,  belong  to  the  upper  parts  of  the 
gypseous  series,  and  hence  must  here  have  been  thrown 
down  by  a  vast  fault. 

Proceeding  up  the  valley-basin  of  the  Teso,  and 
taking  our  section  sometimes  on  one  hand  .and  some- 
times on  the  other,  we  come  to  a  great  hill  of  stratified 
porphyritic  conglomerate  [H]  dipping  at  45°  to  the 
west ;  and  a  few  hundred  yards  farther  on,  we  have  a 
bed  between  300  or  400  feet  thick  of  gypsum  [I]  dip- 
ping eastward  at  a  very  high  angle :  here  then  we  have 
a  fault  and  anticlinal  axis.  On  the  opposite  side  of 
the  valley,  a  vertical  mass  of  rod  conglomerate,  con- 
formably underlying  the  gypsum,  appears  gradually  to 
lose  its  stratification  and  passes  into  a  monntnin  of 
porphyry.  The  gypsum  [T]  is  covered  by  a  bed  [K], 
at  least  1,000  feet  in  thickness,  of  a  purplish-red, 
compact,  heavy,  fine-grained  sandstone  or  mudstone, 
which  fuses  easily  into  a  white  enamel,  and  is  seen 
under  a  lens  to  contain  trituratftd  crystals.  This  is 
succeeded  by  a  bed  [L],  1,000  feet  thick  (I  believe  I 
understate  the  thickness)  of  gypsum,  exactly  like  the 
beds  before  described ;  and  this  again  is  capped  by 
onotlier  great  bed  [M]  of  purplish-red  sandstone.  All 
these  strata  dip  eastward ;  but  the  inclination  becomes 
less  and  less,  as  we  leave  the  first  and  almost  vertical 
bed  [I]  of  gypsnm. 

Leaving  the  basin-plain  of  Yeso,  the  rood  rapidly 
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OBcends,  passing  bj  mountains  compoecd  of  the  ^^seou 
and  associated  beds,  with  their  stratification  greatly  ( 
disturbed  and  therefore  not  easily  intelligible :  beaoe 
this  part  of  the  section  has  been  lef^  nncoloared. 
Shortly  before  reaching  the  great  Peaqnenes  ridge,  tha 
lowest  stratum  visible  [N]  is  a  red  Eandstone  or  mad- 
stone,  capped  by  a  vast  thickness  of  black,  compact, 
calcareous,  shaly  rock  [0],  which  haa  been  thrown 
into  four  lofty,  though  small  ridges :  looking  northivard, 
the  strata  in  these  ridges  are  seen  gradually  to  rise  in 
inctinatiou,  becoming  in  some  distant  pinnacleB  abeo- 
Intely  vertical. 

The  ridge  of  Penqnenea,  which  divides  the  waters 
flowing  into  the  Pacific  and  Atlantic  Oceans,  extends  lb 
a  nearly  NNW.  and  S6E.  line;  its  sirata  dip  eastward  \ 
at  iin  M\)i\'-  of  between  •'30°  and  4o^,  but  in  the  higher 
peaks  betiding  up  and  becoming  almost  vertical.  Where 
the  road  crosses  this  range,  the  height  is  13,210  feet 
above  the  sea-level,  and  I  estimated  the  neighboaring 
pinnacles  at  from  14,000  to  15,000  feet.  The  lowest 
stratum  visible  in  this  ridge  is  a  red  stratified  sandstone 
[P];  on  it  are  superimposed  two  great  masses  [Q  and 
S]  of  black,  hard,  compact,  even  having  a  conchoidal 
iracture,  calcareous,  more  or  less  laminated  ahale,  pass- 
ing into  limestone:  this  rock  contains  organic  remains, 
presently  to  be  enumerated.  The  compacter  varieties 
fuse  easily  in  a  white  glass ;  and  this  I  may  add  is  a 
very  general  character  with  alt  the  sedimentary  beds  in 
the  Cordillera :  although  this  rock  when  broken  is 
generally  quite  black,  it  everj'where  weathers  into  an 
ash-gray  tint.  Between  these  two  great  masses  [Q  and 
S],  a  bed  [R]  of  gj'psum  is  interposed,  about  300  feet 
in  thickness,  and  having  the  same  characters  as  hereto- 
fore described,  I  estimated  the  total  thickness  of  these 
three  beds  [Q,  R,  S]  at  nearly  3,000  feet ;   and  to  this 
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must  be  added,  as  will  be  inimediately  seen,  a  great 
overlying  mass  of  red  sandstone. 

In  descending  the  eastern  slope  of  this  great  central 
range,  the  strata,  which  in  the  upper  part  dip  eastward 
at  about  an  angle  of  40°,  become  more  and  more  curved, 
till  they  are  nearly  vertical ;  and  a  little  farther  onwards 
there  is  seen  on  the  farther  side  of  a  ravine,  a  thick 
mass  of  strata  of  bright  red  sandstone  [T],  with  their 
upper  extremities  slightly  curved,  showing  that  they 
were  once  conformably  prolonged  over  the  beds  [S] : 
on  the  sonthern  and  opposite  side  of  the  road,  this  red 
sandstone  and  the  underlying  black  shaly  rocks  stand 
vertical,  and  in  actual  juxtaposition.  Continuing  to 
descend,  we  come  to  a  synclinal  valley  filled  witli 
rubbish,  beyond  which  we  have  the  red  sandstone  [T  *] 
corresponding  with  [T],  and  now  dipping,  as  is  seen 
both  north  and  south  of  the  road,  at  45°  to  the  west ; 
and  nnder  it,  the  beds  [S  *,  B  *,  Q ',  and  I  believe  P '] 
in  corresponding  order  and  of  similar  composition,  with 
those  on  the  western  flank  of  the  Peuquenes  range,  but 
dipping  westward.  Close  to  the  synclinal  valley  the 
dip  of  these  strata  is  45°,  but  at  the  eastern  or  farther 
end  of  the  series  it  increases  to  60°.  Here  the  great 
gypseous  formation  abruptly  terminates,  and  is  suc- 
ceeded eastward  by  a  pile  of  more  modern  strata. 
Considering  how  violently  these  central  ranges  have 
been  dislocated,  and  how  veiy  numerous  dikes  are  in 
the  exterior  and  lower  parts  of  the  Cordillera,  it  is 
remarkable  that  I  did  not  here  notice  a  single  dike. 
The  prevailing  rock  in  this  neighbourhood  is  the  black, 
calcareous,  compact  shale,  whilst  in  the  valley-basin  of 
the  Yeso  the  purplish-red  sandstone  or  mudstone  pre- 
dominates,— both  being  associated  with  gypseous  strata 
of  exactly  the  same  nature.  It  would  be  very  difficolt 
to  ascertain  the  relative  snperposition  of  these  several 


Tiiast«s,  for  we  eball  afterwards  see  in  the  Combre  Pass 
that  the  gyp.seons  and  intercalated  beds  are  lenB-ehaped, 
•nd  that  they  thin  oat,  even  where  very  thick,  and 
disappear  in  short  horizontal  distances :  it  is  qatt^ 
possible  that  the  black  shales  and  red  sandstones  may 
be  COD  tern  pu  ran  eoGS,  but  it  is  more  probable  that  the 
former  compose  the  uppermost  parts  of  the  series. 

The  fossils  above  alluded  to  in  the  black  calcareous 
shales  are  few  in  number,  and  are  in  an  imperfect 
condition ;  they  consist,  as  named  for  tae  by  M.  d'Or- 
bigny,  of — 

I.  Ammonite,  iiideC<Tniiiiable,  nesr  to  A.  reetiaiitant,  D'Orbig. 

■  P»l.  Franc.*  (Neocomiao  formation). 
%.  GijpluES.  near  to  O.  Vtutani  (tjencomian  tonnaUolu  ol  Ranok 

and  N^ofchiltel). 
3.  Natica,  indeicnuiuBble. 

1. CjprtnaTofttiata,  D'Oibig.  -Pol.  Frano-XHeoc^inianEoiiiiBtion^ 
6.  RuttcllariaangulosaCT)  D"Urljig.  *  I'al.  de  TAiafir.  Mer  ' 
S.  Teiebratnla? 

Some  of  the  fragments  of  Aramonitea  were  as  thick 
as  a  man's  arm :  the  Gryphsea  is  much  the  moat 
abundant  shell.  These  fossils  M.  d'Orbigny  considers 
as  belonging  to  the  Neocomian  stage  of  the  Cretaceous 
system.  Dr.  Meyen,'  who  ascended  the  valley  of  the 
Bio  Volcan,  a  branch  of  the  Teso,  found  a  nearly 
similar,  but  apparently  more  calcareous  formation,  witb 
much  gypsum,  and  no  doubt  the  equivalent  of  that 
here  described  :  the  beds  were  vertical,  and  were  pro- 
longed up  to  the  limits  of  perpetual  snow :  at  the  height 
of  9,000  feet  above  the  sea,  they  abounded  with  fossils, 
consisting,  according  to  Voo  Buch,'  of — 

1.  Eiogyra (Gryphxa) Coulonl, absolutely iileotical with spectme&s 

from  the  Jura  and  Soalh  of  France, 

2.  Trigonia  costala,    )    identical  with  those  found  in  the  npper 

3.  Fecten  Gtriatus,       J  Jurassic  becU  at  Hildesheim. 


Neocomiait  Fossils. 


1.  Cacnlliea,  correspondirf;  in  form  to  C.  lafgiroitriM,  lo  trcqaeot 

in  the  upier  Jiiniaaic  beds  vt  WestpbaliA. 
§.  Ammonites,  reiiembling  A.  HpUlt. 

Ton  Bucb  concludes  that  this  ibniiation  ia  iDtennediate 
between  the  limestone  of  the  Jnra  and  the  chalk,  and 
that  it  is  analogous  with  the  Dppermost  Jurassic  beds 
forming  the  plains  of  Switzerland.  Hence  M.  d'Orbigny 
and  Yoa  Buch,  under  diSerent  terms,  compare  these 
fossils  to  those  from  the  same  late  stage  in  the  Secondary 
formations  of  Europe, 

Some  of  the  fossils  which  I  collected  were  fonnd  a 
good  way  down  the  western  slope  of  the  main  ridge, 
and  hence  must  originally  have  been  covered  Dp  by  a 
great  thickness  of  the  black  shaly  rock,  independently 
of  the  now  denuded,  thick,  overlying  masses  of  red 
sandstone.  I  neglected  at  the  time  to  estimate  how 
many  hundred  or  rather  thousand  feet  thick  the 
Buperincumhent  strata  must  have  been :  and  I  will 
not  now  attempt  to  do  so.  This,  however,  would  have 
been  a  highly  interesting  point,  aa  indicative  of  a  great 
amount  of  subsidence,  of  which  we  shall  hereafter  find 
in  other  parts  of  the  Cordillera  analogous  evidence 
during  this  same  period.  The  altitude  of  the  Peu- 
quenes  range,  considering  its  not  great  antiquity,  is 
very  remarkable ;  many  of  the  fossils  were  embedded  at 
the  height  of  13,210  feet,  and  the  same'beds  are  pro- 
longed up  to  at  least  from  14,000  to  15,000  above  the 
level  of  the  sea. 

The  Porlillo  OT  Eattem  Chain. — The  valley  of 
Tenuyan,  separating  the  Penquenes  and  Portillo  lines, 
is,  as  estimated  by  Dr.  Gillies  and  myself,  about  twenty 
miles  in  width  ;  the  lowest  part,  where  the  road  crosses 
the  river,  being  7,500  feet  above  the  sea-level.  The 
pass  on  the  Portillo  line  ia  14,365  feet  high  (1,100  feet 
higher  than  that  on  the  Peuquenes),  and   the  neigh- 
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Lanring  pinniicles  most,  I  conceive,  risa  to  nearly  16,000 
foet,  above  the  sea.  The  river  draiiiiug  the  intermediate 
valk-y  of  Teuiijan,  passes  through  the  Portillo  line. 
To  return  to  our  eectioQ  :— shortly  after  leaving  the 
lower  beds  [P  ']  of  the  gyp^iMus  formation,  we  come  to 
grand  masses  of  a  coarae,  red  eongbmerate  [V],  totally 
unlike  any  atrata  hitherto  seen  in  the  Cordillera,  This 
conglomerate  is  distinctly  stratified,  some  of  the  beds 
being  well  defined  by  the  greater  sizaof  the  pebbles :  the 
cement  is  calcareoua  and  sometimes  crystalline,  tliongh 
the  mass  shows  no  signs  of  having  been  metamorphosed. 
The  included  pebbles  are  either  |>erfectly  or  only  par- 
itially  rounded:  they  consist  of  purplish  sandstones,  of 
ivarioua  porphyries,  of  brownish  limeiitoiie,  of  black 
iCalcdreous,  compact  shale  precisely  like  that  in  situ  in 
the  Peuquenes  range,  iind  O'lifm/umj  nomc  "f  the  xame 
fossil  shells ;  also  very  many  pebbles  of  quartz,  some  of 
micaceous  schist,  and  numerous,  broken,  rounded  crys- 
tals of  a  reddish  ortbitic  or  potash  feldspar  (&s  deter- 
mined by  Professor  Miller),  and  these  from  their  size 
must  have  been  derived  from  a  coarse-grained  rock, 
probably  granite.  From  this  feldspitr  being  ortbitic, 
and  even  from  its  external  appearance,  I  venture  posi- 
tively to  affirm  that  it  has  not  been  derived  from  the 
rocks  of  the  western  ranges;  but,  on  the  Other  hand, 
it  may  well  have  come,  together  with  the  quartz  and 
metamorphic  schists,  from  the  eastern  or  Portillo  line. 
for  this  line  mainly  consists  of  coarse  orthitic  granite. 
The  pebbles  of  the  fossiliferons  slate  and  of  the  purple 
sandstone,  certainly  have  been  derived  from  the  Peu- 
quenes  or  western  ranges. 

The  road  crosses  the  valley  of  Tenuyan  in  a  nearly 
east  and  west  line,  and  for  several  miles  we  have  on 
both  hands  the  conglomerate,  everywhere  dipping  west 
and   forming   separate  great  mountains.     The  strata. 
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where  first  met  with,  after  leaving  the  gypseous  forma* 
tion,  are  inclined  westward  at  an  angle  of  only  20% 
which  farther  on  increases  to  about  45°.  The  gypseous 
strata,  as  we  have  seen,  are  also  inclined  westward! 
hence,  when  looking  from  the  eastern  side  of  the  valley 
towards  the  Peuquenes  range,  a  most  deceptive  appear- 
ance is  presented,  as  if  the  newer  beds  of  conglomerate 
dipped  directly  under  the  much  older  beds  of  the 
gypseous  formation.  In  the  middle  of  the  valley,  a 
bold  mountain  of  unstratified  lilac-coloured  porphyry 
(with  crystals  of  hornblende)  projects ;  and  farther  on, 
a  little  south  of  the  road,  there  is  another  mountain, 
with  its  strata  inclined  at  a  small  angle  eastwards,  which 
in  its  general  aspect  and  colour,  resembles  the  porphy- 
ritic  conglomerate  formation,  so  rare  on  this  side  of  the 
Peuquenes  line  and  so  grandly  developed  throughout 
the  western  ranges. 

The  conglomerate  is  of  great  thickness :  I  do  not 
suppose  that  the  strata  forming  the  separate  mountain- 
masses  [V,  V,  V]  have  ever  been  prolonged  over  each 
other,  but  that  one  mass  has  been  broken  up  by  several, 
distinct,  parallel,  uniclinal  lines  of  elevation.  Judging 
therefore  of  the  thickness  of  the  conglomerate,  as  seen 
in  the  separate  mountain-masses,  I  estimated  it  at  least 
from  1,500  to  2,000  feet.  The  lower  beds  rest  con- 
formably on  some  singularly  coloured,  soft  strata  [W], 
which  I  could  not  reach  to  examine ;  and  these  again 
rest  comformably  on  a  thick  mass  of  micaceous,  thinly 
laminated,  siliceous  sandstone  [X],  associated  with  a 
little  black  clay-slate.  These  lower  beds  are  traversed 
by  several  dikes  of  decomposing  porphyry.  The  lami- 
nated sandstone  is  directly  superimposed  on  the  vast 
masses  of  granite  [Y,  Y]  which  mainly  compose  the 
Portillo  range.  The  line  of  junction  between  thia 
latter  rock,  which  is  of  a  bright  red  colour,  and  the 


whitish  eandstoDe  was  b<;autira}lj  distinct;  the  sand- 
etone  being  penetrated  by  numerous,  great,  tortoous 
dikes  branching  from  the  graoite,  and  havinf^  bi:eii 
couverted  into  a.  griinular  quartz  rock  (singularly  like 
that  of  the  Falkland  Islands),  containing  specks  of  an 
ochory  powder,  and  black  cryEtalUua  atoms,  apparently 
of  imperfect  mica.  The  quartixjse  strata  in  one  spot 
were  folded  into  a  regular  dome. 

The  granite  which  composes  the  magnificent  bare 
pinnacles  and  the  steep  weeteni  flank  of  the  Portillo 
ciiain,  is  of  a  brick-red  colour,  coarsely  crystallized,  and 
composed  of  orthitic  or  potash  feldspar,  quarts,  and  im- 
perfect mica  io  small  quantity,  somctimeB  passing  into 
chlorite.  These  minerals  occasionally  assume  a  laminar 
or  foliated  arrangement.  The  fact  of  the  feldspar  being 
orithic  in  this  range,  is  very  remarknble,  considering 
bow  rare,  or  rather,  as  I  believe,  entirely  absent,  this 
mineral  is  throughout  the  western  ranges,  in  which 
soda-feldspar,  or  at  least  a  variety  cleaving  like  albite, 
is  so  extremely  abundant.  In  one  spot  on  the  western 
flank,  and  on  the  eastern  flank  near  Los  Manantiales 
and  near  the  crest,  I  noticed  some  great  masses  of  a 
whitish  granite,  parts  of  it  fine-grained,  and  parts  con- 
taining large  crystals  of  feldspar ;  I  neglected  to  collect 
specimens,  80  I  do  not  know  whether  this  feldspar  is 
also  orthitic,  though  I  am  inclined  to  think  so  from  ila 
general  appearance.  I  saw  also  some  syenite  and  one 
mass  which  resembled  andesite,  but  of  which  I  likewise 
neglected  to  collect  specimens.  From  the  manner  in 
which  the  whitish  granites  formed  separate  mountain- 
masses  in  the  midst  of  the  brick-red  variety,  and  from 
one  such  mass  near  the  crest  being  traversed  by  nume- 
rous veins  of  flesh-coloured  and  greenish  eurite  (into 
which  I  occasionally  observed  the  brick-red  granit« 
insensibly  passing),  I  conclude  that  the  white  granitM 
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probably  belong  to  an  older  form&tiou,  almost  over* 
whelmed  and  peoetrateii  by  the  red  granite. 

On  the  creat  I  saw  also,  at  a  short  distance,  some 
coloured  stratified  beds,  apparently  like  those  ftVJ  at 
the  western  base,  but  was  prevented  ezamining  them 
by  a  snow-storm:  Mr.  Caldoleagh,'  however,  collected 
here  specimens  of  ribboned  jasper,  raagnesion  lime- 
Btone,  and  other  minerals.  A  little  way  down  the 
eastern  slope  a  few  fragments  of  qnartz  and  mien-slate 
are  met  with ;  but  the  great  formation  of  this  latter 
rock  [Z],  which  covers  np  mnch  of  the  eastern  flank 
and  base  of  the  Portillo  range,  cannot  be  ponveoieotly 
examined  until  much  lower  down  at  a  place  called  Mai 
Paso.  The  mica-schist  here  consiste  of  thick  layers 
of  quartz,  with  intervening  folia  of  finely-scaly  mica, 
often  passing  into  a  anbstance  like  black  glossy  clay 
slate :  in  one  spot,  the  layers  of  quartz  having  disap- 
peared, the  whole  mass  became  converted  into  glossy 
clay-slate.  Where  the  folia  were  best  defined,  they 
were  inclined  at  a  high  angle  westward,  that  is,  towards 
the  range.  The  line  of  junction  between  the  dark 
mica-sldte  and  the  coarse  red  granite  was  most  clearly 
distinguishable  from  a  vast  distance :  the  granite  sent 
many  small  veins  into  the  mica-slate,  and  included 
some  angular  fragments  of  it.  As  the  sandstone  on  the 
western  base  has  been  converted  by  the  red  granite  into 
a  granular  quartz-rock,  so  this  great  formation  of  mi.a- 
Bchist  may  possibly  have  been  metamorphosed  at  the 
same  time  and  by  the  same  means-;  bat  I  think  it 
more  probable,  considering  its  more  perfect  metamor- 
phic  character  and  its  we  11 -pronounced  foliation,  that  it 
belongs  to  an  anterior  epoch,  connected  with  the  white 
granites :  I  am  the  more  inclined  to  this  view,  fiora 
having  found  at  the  foot  of  the  range  Uie  mico-schist 
■  'TraTela,'  fto.,  voL  Pl  808. 


Burroanding  a  hammock  [Y  *],  eichisively  composed  ol 
wliite  granite.  Near  Lo3  Arenales,  the  mouulaioa  on 
bU  sidfs  are  composed  of  the  mica-slate ;  and  looking 
huckwards  from  this  point  up  to  the  bare  gigantio 
peaks  above,  the  view  was  emiuently  interesting.  The 
colours  of  the  red  granite  and  the  black  mica-slate  are 
BO  distinct,  that  with  a  bright  light  these  rocks  could 
he  readily  distinguished  even  fi-om  the  Pamjias,  at  a 
level  of  at  least  lt,000  feet  hdow.  The  red  granite, 
from  being  divided  by  parallel  joints,  has  wtathered 
into  sharp  pinnacles,  on  some  of  which,  even  on  some 
of  the  loftiest,  Utile  caps  of  mica-schist  could  be  clearly 
Been:  here  and  there  isolated  patches  of  this  rock 
adhered  to  the  mouutain-fianka,  and  these  often  corre- 
sponded in  height  and  position  on  the  opposite  sides  of 
the  immense  valleys.  Lower  down  the  schist  prevailed 
more  and  more,  with  only  a  few  quite  small  points  of 
granite  projecting  through.  Looking  at  the  entire 
eastern  face  of  the  Portillo  range,  the  red  colour  fiw 
exceeds  in  area  the  black  ;  yet  it  was  scarcely  possible 
to  doubt  that  the  granite  had  once  been  almost  wholly 
encased  by  the  mica-schist. 

At  Loe  Arenales,  low  down  od  the  eastern  flank,  the 
mica-slate  is  traversed  by  several  closely  adjoining, 
broad  dikes,  parallel  to  each  other  and  to  the  foliatioit 
of  the  schist.  The  dikes  are  formed  of  three  different 
varieties  of  rock,  of  which  a  pale  brown  feldspathic 
porphyry  with  grains  of  quartz  was  much  the  moat 
abundant.  These  dikes  with  their  grannies  of  quartz, 
as  well  as  the  mica-schist  itself,  strikingly  resemble  the 
rocks  of  the  Chonos  Archipelago,  At  a  height  of  about 
1,200  fiiet  above  the  dikes,  and  perhaps  connected  with 
them,  there  is  a  range  of  clifTs  formed  of  successive 
lava-streams  [A A],  between  300  and  400  feet  in  thick- 
ness, and  in  places  finely  columnar.     The  lava  consists 
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of  dark-grayish,  harsh  rocke,  intermediate  in  character 
hetwoen  truchjte  and  basalt,  containing  glassy  feldspar, 
olivine,  and  a  little  mica,  and  sometimes  amygdaloidal 
with  zeolite :  the  basis  is  either  quite  compact,  or  crena- 
lated  with  air-vesicles  arranged  in  laminae.  The 
streams  are  separated  from  each  other  by  beds  of  frag- 
mentary brown  Bcoriie,  firmly  cemented  together,  and 
including  a  few  well-rounded  pebbles  of  lava.  From 
their  general  appearance,  I  suspect  that  these  lava- 
streams  Sowed  at  an  ancient  period  onder  the  pressure 
of  the  sea,  when  the  Atlantic  covered  the  Pampas  and 
washed  the  eastern  foot  of  the  Cordillera.'  On  the 
opposite  and  northern  side  of  the  valley  there  is  another 
line  of  lava-cliffa  at  a  corresponding  height;  the  valley 
between  being  of  considerable  breadth,  and  as  nearly  as 
I  could  estimate  1,500  feet  in  depth.  This  field  of 
lava  is  confined  on  both  sides  by  the  mountains  of 
mica-schist,  and  slopes  down  rapidly  but  irregularly  to 
the  edge  of  the  Pampaa,  where,  having  a  thickness  of 
about  200  feet,  it  terminates  against  B  little  range  of 
clay-stone  porphyry.  The  valley  in  this  lower  part 
expands  into  a  Imy-like,  gentle  slope,  bordered  by  the 
cliffs  of  lava,  which  must  certainly  once  have  extended 
across  this  wide  expanse.  The  inclination  of  the 
streams  from  Los  Arenales  to  the  mouth  of  the  valley  is 
so  great,  that  at  the  time  (though  ignorant  of  M.  Elie 
de  Beaumont's  researches  on  the  extremely  small  slope 
over  which  lava  can  flow,  and  yet  retain  a  compact 
structure  and  considerable  thicknet^a)  I  concluded  that 
they  must    subsequently  to  their  flowing   have  been 

■  This  coDctnsion  miffht,  perhaps,  even  have  been  aDtlolpetod, 
fmm  the  general  rarity  of  Tolcaaio  action,  except  near  the  sea  ur 
large  bodies  of  water.  Comformably  with  this  rule,  at  the  present 
day,  there  arenoactiTeTolcanoaon  thiaeasleni8ldeottbeG(»cUUuia| 
nor  Me  severe  eaiihqnakea  experienced  heie. 
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upheaved  and  tilted  from  the  mountains:  of  this  con- 
clusion I  can  now  entertain  not  the  smallest  doubt. 

At  the  mouth  of  the  valley,  witliin  the  cliffs  of  the 
above  lava-field,  there  are  remnauto,  in  the  form  of 
sepanite  small  hillocks  and  of  lines  of  tow  cliSa.  of  s 
considerable  deposit  of  compact  white  tuff  (quarried  for 
filtering-atones),  composed  of  broken  pumice,  volcanic 
crystals,  scales  of  mica,  and  fragments  of  lava.  This 
maas  has  sutfered  much  denudation,  and  the  hard  niica- 
achiat  hug  been  deeply  worn,  since  the  period  of  its 
deposition  ;  and  this  period  mast  have  been  subsequent 
to  the  denudation  of  the  basaltic  lava-streams,  as  at- 
tested by  their  encircling  clifis  standing  at  a  higher 
level.  At  the  present  day,  under  the  existing  arid 
climate,  ages  might  roll  past  n-ithout  a  aqiiaro  yard  of 
rock  of  any  kind  being  denuded,  except  perhaps  in  the 
rarely  moistened  drainage-channel  of  the  valley.  Must 
we  then  look  back  to  that  ancient  period,  when  the 
waves  of  the  sea  beat  against  the  eastern  foot  of  the 
Cordillera,  for  a  power  sufficient  to  denude  extensively, 
though  super6cially,  this  tufaceous  deposit,  soft  al- 
though it  be  ? 

There  remains  only  to  mention  some  little  water- 
worn  hillocks  [B  B],  a  few  hundred  feet  in  height,  and 
mere  mole-hills  compared  with  the  gigantic  mountains 
behind  them,  which  rise  out  of  the  sloping,  shingle- 
covered  margin  of  the  Pampas.  The  first  little  range 
is  composed  of  a  brecciated  purple  porphyritic  clay- 
stone,  with  obscurely  marked  strata  dipping  at  70°  to 
the  SW. ;  the  other  ranges  consist  of — a  pale-coloured 
feldspathic  porphyry, — a  purple  clay-stone  porphyry 
with  grains  of  quartz, — and  a  rock  almost  exclusively 
composed  of  brick-red  crystals  of  feldspar.  These 
outermost  small  lines  of  elevation  extend  in  a  NW.  by 
W.  and  SE.  by  S.  direction. 
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Concluding  Rema/rk^i  on  the  Portillo  Range, — When 
on  the  Pampas  and  looking  southward,  and  whilst  travel- 
ling northward,  I  could  see  for  very  many  leagues  the 
red  granite  and  dark  mica-schist  forming  the  crest  and 
eastern  flank  of  the  Portillo  line.  This  great  range, 
according  to  Dr.  Gillies,  can  be  traced  with  little  inters 
mption  for  140  miles  southward  to  the  R.  Diamante, 
where  it  unites  with  the  western  ranges :  northward, 
according  to  this  same  author,  it  terminates  where  the 
E.  Mendoza  debouches  from  the  mountains;  but  a 
little  farther  north  in  the  eastern  part  of  the  Cumbre 
section,  there  are,  as  we  shall  hereafter  see,  some 
mountain-masses  of  a  brick-red  porphyry,  the  last  in- 
jected amidst  many  other  porphyries,  and  having  so 
close  an  analogy  with  the  coarse  red  granite  of  the  Por- 
tillo line,  that  I  am  tempted  to  believe  that  they  belong 
to  the  same  axis  of  injection ;  if  so,  the  Portillo  line  is 
at  least  200  miles  in  length.  Its  height,  even  in  the 
lowest  gap  on  the  road,  is  14,865  feet,  and  some  of  the 
pinnacles  apparently  attain  an  elevation  of  about 
16,000  feet  above  the  sea.  The  geological  history  of 
this  grand  chain  appears  to  me  eminently  interesting. 
We  may  safely  conclude,  that  at  a  former  period  the 
valley  of  Tenuyan  existed  as  an  arm  of  the  sea,  about 
twenty  miles  in  width,  bordered  on  one  hand  by  a  ridge 
or  chain  of  islets  -of  the  black  calcareous  shales  and 
purple  sandstones  of  the  Gypseous  formation;  ^nd  on 
the  other  hand,  by  a  ridge  or  chain  of  islets  composed 
of  mica-slate,  white  granite,  and  perhaps  to  a  partial 
extent  of  red  granite.  These  two  chains,  whilst  thus 
bordering  the  old  sea-channel,  must  have  been  exposed 
for  a  vast  lapse  of  time  to  alluvial  and  littoral  action, 
during  which  the  rocks  were  shattered,  the  fragments 
rounded,  and  the  strata  of  conglomerate  accumulated 
to  a  thickness  of  at  least  1,500  or  2,000  feet.     The 
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I  ortlittic  granite  now  form!,  as  we  bare  seen,  thd 
ijn  part  of  the  Portillo  chain :  it  ia  injected  in  dikes 
[  not  odIj  into  the  mica-schist  and  white  graoites,  bat 
I'fato  the  UininAt«<)  sandiitone,  which  it  has  metamor- 
Epboeed  and  which  it  has  thrown  off,  together  with  the 
I  Mofonuahly   overlyiDg   coloured   bed^    and   stratified 
mgloiiierate,  at  an  angle  of  (brty-fire  d^ree&     To 
Kfe  tlirown  off  eo  vast  a  pile  of  strata  at  this  angle, 
it  a   proof  thut  the   taain  port   of  tJie  red   granite 
(wbrther   or   not   portions,   as   perhaps   ia   probable, 
previously  existed)  was  injected  in  a  liquified  state  after 
the  accumulation  both  of  the  laminaled  san^tooe  and 
I  of  tlie  conglutni'Tate  i  this  cooglomemte,  we  know,  wna 
I  accamulatt-d,  not  only  after  the  deposition  of  the  (bs- 
eililfniUB  Hinita  of  the  Penqnetios  line,  bat  after  their 
elevation  and  long-continued  denudation :    and  these 
ibsailiferoua    etrata  belong    to    the  early    part  of   the 
Cretaceous  eystera.     Late,  therefore,  in    a   geological 
sense,  aa  must  be  the  age  of  the  main  part  of  the  red 
granite,  I  can  conceive  nothing  more  impressive  than 
the  eastern  view  of  this  great  range,  as  forcing  the  mind 
to  grapple  with  the  idea  of  the  thousands  of  thousands 
of  years   requisite  for   the  denudation  of  the   strata 
which    originally  encased   it, — for    that  the    fiuidified 
granite  waa  once  encased,  its  mineralogical  composition 
and  structure,  and  the  bold  conical  shape  of  the  moan- 
tain-masses,  yield  sufficient  evidence.     Of  the  encasing 
strata  we  see  the  last  vestiges  in  the  coloured  beds  on 
the  crest,  in  the  little  caps  of  mica-schist  on  some  of 
the  lofliest  pinnacles,  and  in  the  isolated  patches  of  this 
same  rock  at  corresponding  heights  on  the  now  bare  and 
Bteep  Hanks. 

The  lava-streama  at  the  eastern  foot  of  the  Portillo 
are  interesting,  not  so  much  from  the  great  denudation 
which  they  have  suffered  at  a  comparatively  late  period 
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as  from  the  evidence  they  afford  by  their  inclination 
tiiken  conjointly  with  their  thickoesa  and  compactness, 
that  after  the  great  range  had  assumed  its  present 
geuer.tl  outline,  it  continued  to  rise  as  an  axis  of  eleva- 
tion. The  plains  extending  from  the  base  of  the 
Cordillera  to  the  Atlantic  show  that  the  continent  has 
been  upraised  in  mass  to  a  height  of  3,500  feet,  and 
probably  to  a  much  gi-ealer  height,  for  the  smooth 
shingle-covered  margin  of  the  Pampas  is  prolonged  in  a 
gentle  unbroken  slope  far  up  many  of  the  great  valleys. 
Nor  let  it  be  assumed  that  the  Penquenes  and  Portillo 
ranges  have  undergone  only  movements  of  elevation ; 
for  we  shall  hereafter  see,  that  the  bottom  of  the  sea 
subsided  several  thousand  feet  during  the  deposition  of 
strata,  occupying  the  same  relative  place  in  the  Cor- 
dillera, with  those  of  the  Penquenes  ridge ;  moreover, 
we  shall  see  from  the  unequivocal  evidence  of  buried 
upright  trees,  that  at  a  somewhat  later  period,  during 
the  formation  of  the  Uspallata  chain,  which  corresponds 
geographically  with  that  of  the  Portillo,  there  was 
another  subsidence  of  many  thousand  feet:  here,  in- 
deed, in  the  valley  of  Tenuyan,  the  accumulation  of  the 
course  stratified  conglomerate  to  a  thickness  of  1,500 
or  2,000  feet,  offers  strong  presumptive  evidence  of 
subsidence ;  for  all  existing  analogies  lead  to  the  belief 
that  large  pebbles  can  be  transported  only  in  shallov 
water,  liable  to  be  affected  by  currents  and  movements 
of  undulation — and  if  so,  the  shallow  bed  of  the  sea  on 
which  the  pebbles  were  first  deposited  must  necessarily 
have  sunk  to  allow  of  the  accumulation  of  the  super- 
incumbent strata.  What  a  history  of  changes  of  level, 
and  of  wear  and  tear,  all  since  the  age  of  the  latter 
Secondary  formations  of  Europe,  does  the  structure  of 
this  one  great  mountain-chain  reveal  1 


5oa  Section  by  the  Cumbre  Pass.     t»xt  o 

'  i^Muja  tifiha  Avdea  hy  tha  Cwtdira  or  VtpaWda  i 

I  Paa. 

■  This  Pasa  crosses  the  Andeo  about  sixty  milea  north 

I  of  that  just  described  :    the  section  given  in  Plate  I. 

fig.  3,  ia  on  the  sfune  scale  as  before,  namely,  at  one- 
third  of  an  inch  to  a  mile  in  distance,  and  one  inch  to 
i  mile  (or  G.OOO  feet)  in  height.  Like  the  I«st  sertion,  it 
is  a  mere  sketch,  and  cannot  pretend  to  accuracy,  though 
mode  and--r  faroarable  circnmstoaces.  We  will  com- 
Bwnce  as  before,  with  the  western  half,  of  which  the 
BiuD  range  bears  the  name  of  the  Cumbre  (that  is  the 

I  Ridge),  and  corresponds  to  the  Peoqnenes  line  in  tho 

fivmer  section  ;  aa  does  the  Uspallata  range,  though  on 

(  m  much  smaller  scale,  to  that  of  the  Portillo.     Near  tha 

point  where  the  rirer  Ai-om-'agna  ilebouclir?  on  the  basin 
plain  of  the  same  name,  at  a  height  of  aboat  2,800  feet 
above  the  sea,  we  meet  with  the  nsual  purple  and 
greenish  porphyritic  clay-atone  conglomerate,  Beds  of 
this  nature,  alternating  with  numerous  compact  and 
amygdaloidal  porphyries,  which  have  flowed  as  snb- 
marine  lavas,  and  associated  with  great  mountain- 
masses  of  various,  injected,  non-strati  Bed  porphyries, 
are  prolonged  the  whole  distance  up  to  the  Cumbre  or 
central  ridge.  One  of  the  commonest  stratified  por- 
phyries is  of  a  green  colour,  highly  amygdaloidal  with 
the  various  minerals  described  in  the  preliminary  di^ 
cnssion,  and  including  fine  tabular  crystals  of  albite. 
The  mountain-range  north  (often  with  a  little  westing) 
and  south.  The  stratification,  wherever  I  could  clearly 
distinguish  it,  was  inclined  westward  or  towards  the 
Pacific,  and,  except  near  the  Cumbre,  seldom  at  angles 
above  25°.  Only  at  one  spot  on  this  western  side,  on  a 
lofty  pinnacle  nob  far  from  the  Cnmbre,  I  saw  strata 
apparently  belonging  to  the  Qypseons  formation,  and 
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conformably  capping  a  pile  of  stratified  porphyriep. 
Hence,  both  in  composition  and  in  stratification,  the 
structure  of  the  mountains  on  this  western  side  of 
the  divortium  aquarum^  is  far  more  simple  than  in  the 
corresponding  part  of  the  Peuquenes  section.  In  the 
porpliyritic  clay-stone  conglomerate,  the  mechanical 
structure  and  the  planes  of  stratification  have  generally 
been  much  obscured  and  even  quite  obliterated  towards 
the  base  of  the  series,  whilst  in  the  upper  parts,  near 
the  summits  of  the  mountains,  both  are  distinctly  dis- 
played. In  these  upper  portions  the  porphyries  are 
generally  lighter  coloured.  In  three  places  [X,  T,  Z] 
masses  of  andesite  are  exposed :  at  [Y],  this  rock  con- 
tained some  quartz,  but  the  greater  part  consisted  of 
aiidesitic  porphyry,  with  only  a  few  well-developed  crys- 
tals of  albite,  and  forming  a  great  white  mass,  having 
the  external  aspect  of  granite,  capped  by  much  dark 
unstratified  porphyry.  In  many  parts  of  the  moun- 
tains, there  are  dikes  of  a  green  colour,  and  other  white 
ones,  which  latter  probably  spring  from  underlying 
masses  of  andesite. 

The  Cumbre,  where  the  road  crosses  it,  is,  according 
to  Mr.  Pentland,  12,454  feet  above  the  sea ;  and  the 
neighbouring  peaks,  composed  of  dark  purple  and 
whitish  porphyries,  some  obscurely  stratified  with  a 
w(!sterly  dip,  and  others  without  a  trace  of  stratification, 
must  exceed  13,000  feet  in  height.  Descending  the 
eastern  slope  of  the  Cumbre,  the  structure  becomes  very 
complicated,  and  generally  differs  on  the  two  sides  of 
the  east  and  west  line  of  road  and  section.  First  we 
come  to  a  great  mass  [A]  of  nearly  vertical,  singularly 
contorted  strata,  composed  of  highly  compact  red  sand- 
stones, and  of  often  calcareous  conglomerates,  and  pene- 
trated by  green,  yellow,  and  reddish  dikes ;  but  I  shall 
presently  have  an  opportunity  of  describing  in  some 
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detail  an  analogous  pile  of  strata.  These  vertical  beds 
are  abruptly  succeeded  by  others  [B],  of  apparently 
nearly  the  same  natare  but  more  metamorpbosed,  alter- 
nating with  porphyries  and  limestonea ;  these  dip  for  a 
Bhort  space  westward,  but  there  has  been  here  an  estrfi- 
ordinary  dislocation,  which,  on  the  north  side  of  the 
road,  appeal's  to  have  determined  the  excavation  of  the 
north  aud  south  valley  of  the  R.  de  laa  Cuevae.  Ou 
this  northern  side  of  the  road,  the  strata  [BJ  are  pro- 
longed till  they  come  in  close  contact  with  a  jagged 
lofty  mountain  [D]  of  dark- colon  red,  unstratified,  in- 
trusive porphyry,  where  the  beds  have  been  more  highly 
inclined  and  still  more  met-amorp hosed.  This  nioun- 
tain  of  porphyry  seems  to  form  a  short  axis  of  elevation, 
for  south  of  the  road  in  its  line,  there  is  a  bill  [CT] 
of  porphyritio  conglomerate  with  absolutely  vertical 
strata. 

We  now  come  to  the  Gypseous  formation :  I  will 
first  describe  the  structure  of  the  several  mountains,  and 
then  give  in  one  section  a  detailed  account  of  the  nal  u re 
of  the  rocks.  On  the  north  side  of  the  road,  which  hero 
runs  in  an  east  and  west  valley,  the  mountain  of  por- 
phyry [D]  is  succeeded  by  a  hill  [E]  formed  of  the 
upper  gypseous  strata  tilted,  at  an  angle  of  between 
70°  and  80°  to  the  west,  by  an  uniclinal  axis  of  elevation 
which  does  not  run  parallel  to  the  other  neighbonring 
ranges,  and  which  is  of  short  length ;  for  on  the  south 
Bide  of  the  valley  its  prolongation  is  marked  only  by  a 
small  flexure  in  a  pile  of  strata  inclined  by  a  quite 
separate  axis.  A  little  farther  on  the  north  and  south 
valley  of  Horcones  enters  at  right  angles  our  line  of 
section;  its  western  side  is  bounded  by  a  hill  of 
gypseous  strata  [F],  dipping  westward  at  about  45°, 
and  its  eastern  side  by  a  mountain  of  similar  strata 
[G]  inclined  westward  at  70°,  and  superimposed  bj  an 
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oblique  fault  on  another  mass  of  the  same  strata  [H], 
also  inclined  westward,  but  at  an  angle  of  only  about 
80°:  the  complicated  relation  of  these  three  masses 
[P,  G,  H]  is  explained  by  the  structure  of  a  great 
mountain-range  lying  some  way  to  the  north,  in  which 
a  regular  anticlinal  axis  (represented  in  the  section  by 
dotted  lines)  is  seen,  with  the  strata  on  its  eastern  side 
again  bending  up  and  forming  a  distinct  uniclinal  axis, 
of  which  the  beds  marked  [H]  form  the  lower  part. 
This  great  uniclinal  line  is  intersected,  near  the  Puente 
del  Inca,  by  the  valley  along  which  the  road  runs,  and 
the  strata  composing  it  will  be  immediately  described. 
On  the  south  side  of  the  road,  in  the  space  correspond- 
ing with  the  mountains '[E,  F  and  G],  the  strata  every- 
where dip  westward  generally  at  an  angle  of  30**,  occa- 
sionally mounting  up  to  45®,  but  not  in  an  unbroken 
line,  for  there  are  several  vertical  faults,  forming 
separate  uniclinal  masses,  all  dipping  in  the  same 
direction, — a  form  of  elevation  common  in  the  Cordil- 
lera. We  thus  see  that  within  a  narrow  space,  the 
gypseous  strata  have  been  upheaved  and  crushed  to- 
gether by  a  great  uniclinal,  anticlinal,  and  one  lesser 
uniclinal  line  [Ej  of  elevation  ;  and  that  between  these 
three  lines  and  the  Cumbre,  in  the  sandstones,  con- 
glomerates and  porphyritic  formation,  there  have  been 
at  least  two  or  three  other  great  elevatory  axes. 

The  uniclinal  axis  [I]  intersected  near  the  Puente 
del   Inca^  (of  which  the  strata  at  [H]  form  a  part) 

*  At  this  place,  there  are  Fome  hot  and  cold  springs,  the  warmest 
having  a  temperature,  according  to  Lieut.  Brand  (*  Travels/  p.  240), 
of  91°  ;  they  emit  much  gas.  According  to  Mr.  Brande,  of  the  Rojal 
Institution,  ten  cubical  inches  contain  forty-five  grains  of  solid 
matter,  consisting  chietly  of  salt,  gypsum,  carbonate  of  lime,  and 
oxide  of  iron.  I'he  water  is  charged  with  carbonic  acid  and 
sulphuretted  hydrogen.  These  springs  deposit  much  tufa  in  the 
form  of  spherical  balls.  They  burst  forth,  as  do  those  of  Cauquenes, 
and  probably  those  of  Villa  Vicencio,  on  ft  line  of  elevation. 
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mngeB  N.  by  W.  and  S.  by  E.,  fonuing  a  uhaiu  of 
mountains,  ajiparenfcly  little  inferior  in  height  to  the 
Cumbre ;  the  strata,  as  we  have  aetsn,  dip  at  an  average 
angle  of  30^  to  the  west.  The  flunks  of  the  mountiuna 
are  here  quite  bare  and  steep,  afibrding  an  excellent 
section;  bo  that  I  waa  able  to  inspect  the  strata  to  a 
thickneas  of  about  4,000  feet,  and  could  clearly  dis- 
tinguifih  their  general  nature  for  1,000  feet  higher, 
making  a  total  thickneea  of  5,000  feet,  to  which  must 
be  added  about  1,000  feet  of  iLe  inferior  strata  seen  a 
little  lower  down  the  valley.  I  will  describe  this  one 
BCCf.ion  in  detail,  beginning  at  the  bottom, 

lat.  The  lowest  mass  is  the  altered  clay-slate  d&- 
acribed  in  the  preliminary  discussion,  and  which  in  thia 
line  of  section  was  here  tirst  met  with.  Ijower  down 
the  valley,  at  the  R.  de  las  Vacas,  I  had  a  better  oppor- 
tunity  of  examining  it;  it  is  there  in  some  parts  well 
characterised,  having  a  distinct,  nearly  vertical,  tortuous 
cleavage,  ranging  NW,  and  SE.,  and  intersected  by 
quartz  veins :  in  most  parts,  however,  it  is  crystalline 
and  feldspathic,  and  passes  into  a  true  greenstone  often 
including  grains  of  quartz.  The  clay -slate,  in  its  upper 
half,  ia  frequently  brecciated,  the  embedded  angular 
fragments  being  of  nearly  the  same  nature  with  the 
paete. 

2nd.  Several  strata  of  purplish  porphyritic  con- 
glomerate, of  no  very  great  thickness,  rest  conformably 
upon  the  feldspathic  slate.  A  thick  bed  of  fine,  purple, 
clay -atone  porphyry,  obscurely  brecciated  (but  not 
of  metamorphosed  sedimentary  origin),  and  capped 
by  porphyritic  conglomerate,  was  the  lowest  bed 
actually  examined  in  tbia  section  at  the  Puento  del 
Inca. 

3rd.  A  stratum,  eighty  feet  thick,  of  hard  and  very 
compact  impure  whitish  limestone,  weathering  bright 
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red,  with  included  layers  brecciated  and  re-cementcd. 
Obscure  marks  of  shell  are  distinguishable  in  it. 

4th.  A  red,  quartzose,  fine-grained  conglomerate, 
with  grains  of  quartz,  and  with  patches  of  white  earthy 
feldspar,  apparently  due  to  some  process  of  concretionary 
crystalline  action:  this  bed  is  more  compact  and 
metamorphosed  than  any  of  the  overlying  conglome- 
rates. 

5th.  A  whitish  cherty  limestone,  with  nodules  of 
blueish  argillaceous  limestone. 

6th.  A  white  conglomerate,  with  many  particles  of 
quartz,  almost  blending  into  the  paste. 

7th.  Highly  siliceous,  fine-grained  white  sand- 
stone. 8th  and  9th.  Bed  and  white  beds  not  ex- 
amined. 

10th.  Yellow,  fine-grained,  thinly  stratified,  mag- 
nesian  (juclging  from  its  slow  dissolution  in  acids)  lime- 
stone :  it  includes  some  white  quartz  pebbles,  and  little 
cavities,  lined  with  calcareous  spar,  some  retaining  the 
form  of  shells. 

11th.  A  bed  between  twenty  and  thirty  feet  thick, 
quite  conformable  with  the  underlying  ones,  composed 
of  a  hard  basis,  tinged  lilac-gray  porphyritic  with 
numerous  crystals  of  whitish  feldspar,  with  black  mica 
and  little  spots  of  soft  ferruginous  matter :  evidently  a 
submarine  lava. 

12th.  Yellow  magnesian  limestone,  as  before,  part- 
stained  purple. 

1 3th.  A  most  singular  rock;  basis  purplish  gray, 
obscurely  crystalline,  easily  fusible  into  a  dark  green 
glass,  not  hard,  thickly  speckled  with  crystals  more  or 
less  perfect  of  white  carbonate  of  lime,  of  red  hydrous 
oxide  of  iron,  of  a  white  and  transparent  mineral  like 
analcime,  and  of  a  green  opaque  mineral  like  soap-stone ; 
the  basis  is  moreover  amygdaloidal  with  many  spherical 
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20th.  Many  thin  strata  of  compact,  fine-grained, 
pale  purple  sandstone. 

21  St.  Gypsum  in  a  nearly  pure  state,  about  300  feet 
in  thickness :  this  bed,  in  its  concretions  of  anhydrite 
and  layers  of  small  blackish  crystals  of  carbonate  of 
lime,  exactly  resembles  the  great  gypseous  beds  in  the 
Peuquenes  range. 

22nd.  Pale  purple  and  reddish  sandstone,  as  in  bed 
20 :  about  300  feet  in  thickness. 

23rd.  A  thick  mass  composed  of  layers,  often  as 
thin  as  paper  and  convoluted,  of  pure  gypsum  with 
others  very  impure,  of  a  purplish  colour. 

24th.  Pure  gypsum,  thick  mass. 

25th.  Red  sandstones,  of  great  thickness. 

26th.  Pure  gypsum,  of  great  thickness. 

27th.  Alternating  layers  of  pure  and  impure  gypsum, 
of  great  thickness. 

I  was  not  able  to  ascend  to  these  few  last  great 
strata,  which  compose  the  neighbouring  loftiest  pin- 
nacles. The  thickness,  from  the  lowest  to  the  uppermost 
bed  of  gypsum,  cannot  be  less  than  2,000  feet :  the  beds 
beneath  I  estimated  at  3,000  feet,  and  this  does  not 
include  either  the  lower  parts  of  the  porphyritic  conglo- 
merate, or  the  altered  clay-slate ;  I  conceive  the  total 
thickness  must  be  about  6,000  feet.  I  distinctly 
obseiTed  that  not  only  the  gypsum,  but  the  alternating 
sandstones  and  conglomerates  were  lens-shaped,  and 
repeatedly  thinned  out  and  replaced  each  other :  thus 
in  the  distance  of  about  a  mile,  a  bed  300  feet  thick  of 
sandstone  between  two  beds  of  gypsum,  thinned  out  to 
nothing  and  disappeared.  The  lower  part  of  this  section 
differs  remarkably, — in  the  much  greater  diversity  of 
its  mineralogical  composition, — in  the  abundance  of 
calcareous  matter, — in  the  greater  coarseness  of  some 
of  the  conglomerates, — and  in  the  numerous  particles 
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and  well  rounded  pebbles,  sometimeB  of  large  size,  of 
quJirti,— from  any  other  section  hitherto  described  in 
Chile.  From  these  peculiarities,  and  from  the  leos- 
fonn  of  the  Btrata,  it  is  probable  that  this  great  pile  of 
Btrtita  was  accumulated  on  a  shallow  and  very  uneven 
bottom,  near  eome  pre-existing  land  fomied  of  various 
porphyries  and  quartz-rock.  The  formation  of  por- 
phyfitic  clay-Btone  conglomerate  does  not  in  this  section 
attAiu  nearly  its  ordinary  thickness;  this  may  h&parUy 
attriboted  to  the  nietaruorphic  action  having  been  here 
much  less  energetic  than  ueual,  though  the  lower  beds 
have  been  affected  to  a  certain  degree.  If  it  had  been 
as  energetic  as  in  most  other  parts  of  Chile,  many  of 
the  beds  of  sandstone  and  conglomerate,  containing 
rounded  masses  of  porphyry,  would  doubtless  have  been 
converted  into  porphyritic  conglomerate;  and  these 
would  have  alternated  with,  and  even  blended  into, 
crystalline  and  porphyritic  strata  without  a  trace  of 
mechanical  structure, — namely,  into  those  which,  in  the 
present  state  of  the  section,  we  see  are  unquestionably 
Bobmarine  lavas. 

The  beds  of  gypsum,  together  with  the  red  altenia1>- 
ing  sandstones  and  conglomerates,  present  so  perfect 
and  curions  a  resemblance  with  those  seen  in  our  former 
aection  in  the  basin-valley  of  Yeso,  that  I  cannot  doubt 
the  identity  of  the  two  formations  :  I  may  add,  that  a 
little  westward  of  the  P.  del  Inca,  a  mass  of  gypsum 
passed  into  a  fine-graineil,  harb  , drown  sandstone,  which 
contained  some  layers  of  black,  calcareous,  compact, 
shaly  rock,  precisely  like  that  seen  in  such  vast  masses 
on  the  Peuquenes  range. 

Near  the  Puente  del  Inca,  numerous  fragments  of 
limestone,  containing  some  fossil  remains,  were  scattered 
on  the  ground :  these  fragments  so  perfectly  resemble 
the  limestone  of  bed  No.  8,  in  which  T  saw  impressions 
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of  shells,  that  I  have  no  doubt  they  have  fallen  from  it. 
The  yellow  magnesian  limestone  of  bed  No.  10,  which 
also  includes  traces  of  shells,  has  a  different  appearance. 
These  fossils  (as  named  by  M.  d'Orbigny)  consist  of — 

Gryphaea,  near  to  Q.  Couloni  (Neocomian  formation). 
Area,  perhaps  A,  Oabrielis,  d'Orbig.  *  Pal.  Franc' (Neocomianforw 
mation). 

Mr.  Pentland  made  a  collection  of  shells  from  this 
same  spot,  and  Von  Buch '  considers  them  as  consisting 
of— 

Trigonia,  resembling  in  form  T.  eostata, 

Pholadqmya,  like  one  found  by  M.  Dufresnoy  near  AlenQon. 

Isocardiaexcentrica,  Voltz.,  identical  with  that  from  the  Jura. 

Two  of  these  shells,  namely,  the  Gryphsea  and 
Trigonia,  appear  to  be  identical  with  species  collected 
by  Meyen  and  myself  on  the  Peuquenes  range  ;  and  in 
the  opinion  of  Von  Buch  and  M.  d'Orbigny,  the  two 
formations  belong  to  the  same  age.  I  must  here  add, 
that  Professor  E.  Forbes,  who  has  examined  my  speci- 
mens from  this  place  and  from  the  Peuquenes  range, 
has  likewise  a  strong  impression  that  they  indicate  the 
Cretaceous  period,  and  probably  an  early  epoch  in  it : 
so  that  all  the  palaBontologists  who  have  seen  these 
fossils  nearly  coincide  in  opinion  regarding  their  age. 
The  limestone,  however,  with  these  fossils  here  lies  at 
the  very  base  of  the  formation,  just  above  the  porphy  ritio 
conglomerate,  and  certainly  several  thousand  feet  lower 
in  the  series,  than  the  equivalent,  fossiliferous,  black, 
shaly  rocks  high  up  on  the  Peuquenes  range. 

It  is  well  worthy  of  remark  that  these  shells,  or  at 
least  those  of  which  I  saw  impressions  in  the  limestone 
(bed  No.  3),  must  have  been  covered  up,  on  the  host 
computation,   by  4,000  feet  of  strata :  now  we  know 

>  '  Descript.  Pbys.  des  lies  Can.'  p.  472. 
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from  Profpssor  E.  Forbes's  researches,  thnt  the  Bca  at 
greater  dcpt.hs  than  600  feet  becomes  exceedingly 
barren  of  organic  beings, — a  result  quite  in  accordance 
with  what  little  I  have  seen  of  deep-aeft  Bounding. 
Hence,  after  this  limestone  with  its  shells  was  deposited, 
the  bottom  of  the  sea  where  the  main  line  of  the 
Cordillera  now  stands,  naust  have  aubiided  some  thoa- 
Band  feet  to  allow  of  the  deposilion  of  the  superincnm- 
bent  submarine  strata.  Without  supposing  a  movement 
of  this  kind,  it  would,  moreover,  he  imposeiblo  to 
nndcrst-iind  the  accumulation  of  the  several  lower  strata 
of  coarse,  well-ronnded  conglomerates,  which  it  is 
Bcarcely  possible  to  believe  were  spread  ont  in  profoundly 
Aeep  water,  and  which,  especially  those  containing 
pelililes  of  quartz,  could  hardly  have  been  roundeil  in 
eubmarine  craters  and  afterwards  ejected  from  them,  as 
I  believe  to  have  been  the  case  with  much  of  the 
porphyritic  conglomerate  formation.  I  may  add  that, 
in  X'rofessor  Forbes's  opinion,  the  above-enumeroted 
species  of  Mollusca  probably  did  not  live  at  a  much 
greater  depth  than  twenty  fathoms,  that  is  only  120 
feet. 

To  return  to  our  section  down  the  valley :  standing 
on  the  great  N.  by  W.  and  S.  by  E.  uniclinal  axis  of 
the  Piiente  del  Inca,  of  which  a  section  has  just  been 
given,  and  looking  north-east,  great  tabular  masses  of 
the  Gypseous  formation  [K  Kj  could  be  seen  in  the 
distance,  very  slightly  inclined  towards  the  east.  Lower 
down  the  valley,  the  mountains  are  almost  exclusively 
composed  of  porphyries,  many  of  them  of  intrusive 
origin  and  non-strati  lied,  others  strntified,  but  with  the 
stratification  seldom  distinguishable  except  in  the 
tipper  parts.  Disregarding  local  disturbonces,  the  beds 
are  either  horizontal  or  inclined  at  a  small  angle  east- 
wards :  hence,  when  standing  on  the  plain  of  Uapallata 
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and  looking  to  the  west  or  backwards,  the  Cordillera 
appear  composed  of  huge,  square,  nearly  horizontal, 
tabular  masses :  so  wide  a  space,  with  such  lofty  moun- 
taius  so  equably  elevated,  is  rarely  met  with  within  the 
Cordillera.  In  this  line  of  section,  the  interval  between 
the  Puente  del  Inca  and  the  neighbourhood  of  the 
CuTnbre,  includes  all  the  chief  axes  of  dislocation. 

The  altered  clay-slate  formation,  already  described, 
is  seen  in  several  parts  of  the  valley  as  far  down  as  Las 
Vacas,  underlying  the  porphyritic  conglomerate.  At 
the  Casa  de  Pujios  [L],  there  is  a  hummock  of  (ande- 
sitic  ?)  granite ;  and  the  stratification  of  the  surrounding 
mountains  here  changes  from  W.  by  S.  to  SW.  Again, 
near  the  R.  Vacas  there  is  a  larger  formation  of  (ande- 
sitic?)  granite  [M],  which  sends  a  mesh-work  of  veins 
into  the  superincumbent  clay-slate,  and  which  locally 
throws  off  the  strata,  on  one  side  to  NW.  and  on  the 
other  to  SE.  but  not  at  a  high  angle :  at  the  junction, 
the  clay-slate  is  altered  into  fine-grained  greenstone. 
This  granitic  axis  is  intersected  by  a  green  dike,  which 
I  mention,  because  I  do  not  remember  having  elsewhere 
seen  dikes  in  this  lowest  and  latest  intrusive  rock. 
From  the  R.  Vacas  to  the  plain  of  Uspallata,  the  valley 
runs  NE.,  so  that  I  have  had  to  contract  my  section; 
it  runs  exclusively  through  porphyritic  rocks.  As  far 
as  the  Pass  of  Jaula,  the  clay-stone  conglomerate  forma- 
tion, in  most  parts  highly  porphyritic,  and  crossed  by 
numerous  dikes  of  greenstone-porphyry,  attains  a  great 
thickness  :  there  is  also  much  intrusive  porphyry.  From 
the  Jaula  to  the  plain,  the  stratification  has  been  in 
most  places  obliterated,  except  near  the  tops  of  some  of 
the  mountains ;  and  the  metamorphic  action  has  been 
extremely  great.  In  this  space,  the  number  and  bulk 
of  the  intrusive  masses  of  differently  coloured  porphyries, 
injected  one  into  another  and  intersected  by  dikes,  is 


truly  extraordinary.  I  mw  one  monntaiii  of  whitish 
porpliyiy,  from  which  two  huge  dikes,  thintiing  out, 
branched  downwards  into  an  adjoining  blackish  por- 
phyry. Another  hill  of  white  porphyry,  which  had 
barst  tlirongh  dark^^olonred  strata,  waa  itself  injected 
by  a  pnrple,  breccjated,  and  receraented  porphyry,  both 
being  crossed  by  a  j;reen  dike,  and  both  having  been 
nphoaved  and  injected  by  a  granitic  dome.  One  brick- 
red  porphyry,  which  ubove  tho  Jaula  forms  an  isolated 
mass  in  the  midst  of  the  porphyritlc  conglomerate 
formation,  and  lower  down  the  valley  a  magniiicent 
group  of  peaked  mountains,  differs  remarkably  from 
all  the  other  porphyries.  It  consists  of  a  red  feldspathic 
base,  including  some  rather  large  crystals  of  red  feldspar, 
numcrons  large  angular  grains  of  qnai-tz,  and  little  bits 
of  a  soU  green  mineral  answering  in  most  of  its  charac- 
ters to  soap-stone.  The  crystals  of  red  feldspar  resemble 
in  external  appearance  those  of  orthite,  though,  from 
being  partially  decomposed,  I  was  unable  to  measure 
them;  and  they  certainly  are  quite  unlike  the  variety, 
BO  abundantly  met  with  in  almost  all  the  other  rocks  of 
this  line  of  section,  and  which,  wherever  I  tried  it, 
cleaved  like  albite.  This  brick-red  porphyry  appears 
to  have  burst  through  all  the  other  porphyries,  and 
numerous  red  dikes  traversing  the  neighbouring  mouu- 
tains  have  proceeded  from  it:  in  some  few  places, 
however,  it  was  intersected  by  white  dikes.  From  this 
posteriority  of  intrusive  origin, — from  the  close  general 
resemblance  between  this  red  porphyry  and  the  red 
granite  of  the  Portillo  line,  the  only  difference  being 
that  the  feldspar  here  is  less  perfectly  granular,  and 
that  soap-stone  replaces  the  mica,  which  is  there  im- 
perfect and  passes  into  chlorite, — and  from  the  Portillo 
line  a  little  southward  of  this  point  appearing  to  blend 
(according  to  Dr.  Gillies)  into  the  western  ranges, — I 
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am  strongly  urged  to  believe  (as  formerly  remarked) 
that  the  grand  mountain-masses  composed  of  this  brick- 
red  porphyry  belong  to  the  same  axis  of  injection  with 
the  granite  of  the  Portillo  line :  if  so,  the  injection  of 
this  porphyry  probably  took  place,  as  long  subsequently 
to  the  several  axes  of  elevation  in  the  gypseous  forma- 
tion near  the  Cumbre,  as  the  injection  of  the  Portillo 
granite  has  been  shown  to  have  been  subsequent  to  the 
elevation  of  the  gypseous  strata  composing  the  Pen- 
queues  range ;  and  this  interval,  we  have  seen,  must 
have  been  a  very  long  one. 

The  Plain  of  Uspallata  has  been  briefly  described 
in  Chap.  X. ;  it  resembles  the  basin-plains  of  Chile ; 
it  is  ten  or  fifteen  miles  wide,  and  is  said  to  extend  for 
180  miles  northward;  its  surface  is  nearly  6,000  feet 
above  the  sea ;  it  is  composed,  to  a  thickness  of  some 
hundred  feet  of  loosely  aggregated,  stratified  shingle, 
which  is  prolonged  with  a  gently  sloping  surface  up  the 
valleys  in  the  mountains  on  both  sides.  One  section 
in  this  plain  [Z]  is  interesting,  from  the  unusual  ^  cir- 
cumstance of  alternating  layers  of  almost  loose  red  and 
white  sand  with  lines  of  pebbles  (from  the  size  of  a  nut 
to  that  of  an  apple),  and  beds  of  gravel,  being  inclined 
at  an  angle  of  45^,  and  in  some  spots  even  at  a  higher 
angle.  These  beds  are  dislocated  by  small  faults  :  and 
are  capped  by  a  thick  mass  of  horizontally  stratified 
gravel,  evidently  of  subaqueous  origin.  Having  been 
accustomed  to  observe  the  irregularities  of  beds  accu- 
mulated under  currents,  I  feel  sure  that  the  inclination 
here  has  not  been  thus  produced.  The  pebbles  consist 
chiefly  of  the  brick-red  porphyry  just  described  and  of 
white  granite,  both  probably  derived  from  the  ranges 
to  the  west,  and  of  altered  clay-slate  and  of  certain* 

^  I  find  that  Mr.  Smith,  of  Jordanhill,  has  described  ('  Edinbai^g^ht 
New  Phil.  Jonm.'  vol.  xzr.  p.  392)  beds  of  sand  and  grarel,  near  Edia- 
bmgh,  tUted  at  an  angle  of  60®,  and  dislocated  by  miniature  faultSi 
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porphyries,  apparently  beloDging  to  the  rocks  of  the 
Uspallata  chain.  ITiis  plain  corresponds  geographically 
with  the  valli'y  of  Tenuyan  between  the  Portillo  ami 
Peuqueuea  ranges  ;  bnt  in  that  valley  the  shingle, 
which  likewise  has  been  derived  both  from  the  eastern 
and  western  ranges,  has  been  cemented  into  a  hard  con- 
glomerate, and  has  been  througbont  tilted  at  a  oon- 
siderable  inclination ;  the  gravel  there  apparently  attains 
a  much  greater  thickness,  and  is  probably  of  higber 
antiquity. 

The  UspaJlata  Range. — The  road  by  the  Villa 
Vicencio  Pass  does  not  strike  directly  across  the  range, 
bnt  mns  for  some  leagues  northward  along  its  western 
base :  and  I  must  briefly  describe  the  rocks  here  seen, 
before  continning  with  the  coloured  east  and  west  section. 
At  the  mouth  of  the  valley  of  Canota,  and  at  several 
points  northwards,  there  is  an  extensive  formation  of  a 
glossy  and  harsh,  and  of  a  feldapathic  clay-slate,  inclnd- 
ing  strata  of  grauwacke,  and  having  a  tortuous,  nearly 
vertical  cleavage,  traversed  by  numerous  metalliferona 
veins  and  others  of  quartz.  The  clay-slate  is  in  many 
parts  capped  by  a  thick  mass  of  fragments  of  the  same 
rock,  firmly  recemented ;  and  both  together  have  been 
injected  and  broken  up  by  very  namerous  hillocks, 
ranging  north  and  south,  of  lilac,  white,  dark  and 
salmon-coloured  porphyries:  one  steep,  now  denuded, 
hillock  of  porphyry  had  its  face  as  distinctly  impressed 
with  the  angles  of  a  fragmentary  mass  of  the  slate,  with 
some  of  the  pointa  still  remaining  embedded,  as  sealing- 
wax  could  be  by  a  seal.  At  the  mouth  of  this  same 
valley  of  Canota,  in  a  fine  escarpment  having  the  strata 
dipping  from  50"  to  60*  to  the  NE.,'  the  clay-«lata 

•  Nearly  opposite  totbti  eecarpment,  there  is  annthoroorrespond- 
Ing  on«,  with  the  atrata  dipping  Dot  Co  the  eioctlr  opposite  point,  or 
IW.(  bat  to  SSW> :  oouMqneatlr  the  two  escarpmenta  tread  towarria 
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formation  ia  seen  to  be  covered  by  (iBt),  a  pnrple  clay- 
Btone  porphyry  reEting  onconfcHmiably  in  some  parts 
on  the  solid  slate,  and  in  others  on  a  thick  fittgrnentary 
mass :  (2nd),  a  ccnfomiable  stratDm  of  compact  blackish 
rock,  having  a  spheroidal  stmctore,  fbl^  of  minate 
acicnlar  crystals  of  glassy  feldspar,  with  red  spots  of 
oxide  of  iron :  (3rd),  a  great  stratum  of  purplish-red 
clay-stone  porphyry,  abounding  with  crystals  of  opaque 
feldspar,  and  laminated  with  thin,  parallel,  oflen  short, 
layers,  and  likewise  with  great  irregalar  patches  of 
whit«,  earthy,  semi-crystalline  feldspar;  this  rock 
(which  I  noticed  in  oUier  neighbooring  places)  per- 
fectly reaemblee  a  cnriona  variety  described  at  Port 
Desire,  and  occasionally  occnrs  in  the  great  porphyritio 
conglomerate  formation  of  Chile :  (4th),  a  thin  stratum 
of  greenish-white,  indnrated  toff,  fusible  and  containing 
broken  crystals  and  particles  of  porphyries:  (5th),  a 
grand  mass,  imperfectly  columnar  and  divided  into 
three  parallel  and  closely  joined  strata,  of  cream- 
coloured  claystone  porphyry :  (6th),  a  thick  atratnm  of 
lilac-colour^  porphyry,  which  I  conld  see  was  capped 
by  another  bed  of  the  cream-coloured  variety :  I  was 
unable  to  examine  the  still  higher  parts  of  the  escarp- 
ment. These  conformably  stratified  porphyries,  though 
none  are  eith^  vesicolar  or  amygdaloidal,  have  evi' 
deutly  flowed  as  submarine  lavas:  some  of  them  are 
separated  from  each  other  by  seams  of  indurated  tnff, 
which,  however,  are  quit©  insignificant  in  thickness 
compared  with  the  porphyries.  This  whole  pile 
resembles,  but  not  very  closely,  some  of  the  less 
brecciat«d  parts  of  the  great  porphyritic  conglomerate 
formation  of  Chile;  but  it  does  not  probably  belong  to 
the  same  age,  oa  the  porphyries  here  rest  nnconfomisbly 
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on  the  altered  feldapathic  clay-elate,  whereas  the  poi> 
phyritic  conglomerate  formation  alternates  with  and 
resta  conformably  on  it.  These  porphyries,  moreover, 
with  the  exception  of  the  one  blackish  stratum,  and  of 
the  one  induratfid,  white  tufaceous  bed,  differ  from  the 
beds  composing  the  Uapallata  range  in  the  line  of  the 
Villa  Vicencio  Pass. 

I  will  now  give,  first,  a  sketch  of  the  Btmctnre  of  the 
range,  as  represented  in  the  coloured  section,  and  will 
then  describe  its  composition  and  interesting  history. 
At  ita  western  foot,  a  hillock  [N]  ia  seen  to  rise  out  of 
the  plain,  with  its  struta  dipping  at  70°  to  the  west, 
fronted  by  strata  [0]  inclined  at  45°  to  the  eaet,  thus 
forming  s  little  north  and  south  anticlinal  axis.  Some 
other  little  hillocks  of  similar  compositiOD,  with  their 
strata  highly  inclined,  range  NE.  and  SW.,  obliqnely 
to  the  main  Uapallata  line.  The  cause  of  these  dialo- 
catione,  which,  though  on  a  small  scale,  have  been  vio- 
lent and  complicated,  is  seen  to  lie  in  hummocks  of 
lilac,  purple  and  red  porphyries,  which  have  been  in- 
jected in  a  liquefied  state  through  and  into  the  under- 
lying clay-slate  formation.  Several  dikes  were  exposed 
here,  but  in  no  other  part,  that  I  saw  of  this  range. 
As  the  strata  consist  of  black,  white,  greenish,  and 
brown  coloured  rocks,  and  as  the  intrusive  porphyries 
are  so  brightly  tinted,  a  most  extraordinary  view  waa 
presented,  like  a  coloured  geological  drawing.  On  the 
gently  inclined  main  western  slope  [P  Pj,  above  the 
little  anticlinal  ridges  just  mentioned,  the  strata  dip  at 
an  average  angle  of  25°  to  the  west ;  the  inclination  in 
some  places  being  only  10°,  in  some  few  others  as  mach 
as  45°.  The  masses  having  these  different  inclinations, 
are  separated  from  each  other  by  parallel  vertical  fault! 
£aa  represented  at  P  aj,  often  giving  rise  to  separate^ 
paralld,  nniclinal  ridges.      The  summit  of  the  main 
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range  is  broad  and  nndnlatory,  with  the  Btratification 
undalatory  and  irregular :  in  a  few  places  granitic  and 
porphjritic  masses  [Q}  protmde,  which,  from  the  email 
effect  they  have  locally  produced  in  deranging  the 
strata,  probably  form  the  upper  points  of  a  regular, 
great  underlying  dome.  These  denuded  granitic  points, 
I  estimated  at  about  9,000  feet  in  height  above  the  sea. 
On  the  eastern  elope,  the  strata  in  the  upper  part  are 
regularly  inclined  at  about  25°  to  the  east,  ho  that  the 
summit  of  this  ch^n,  neglecting  small  irregularities, 
forms  a  broad  anticlinal  axis.  Lower  down,  however, 
near  Los  Homillos  [R],  there  is  a  well-marked  synclinal 
axis,  b^ond  which  the  strata  are  inclined  at  nearly  the 
same  angle,  namely  from  20°  to  30°,  inwards  or  west- 
ward. Owing  to  the  amount  of  denudation  which  this 
chain  has  suffered,  the  outline  of  the  gently  inclined 
eastern  flank  scarcely  offers  the  slightest  indication  of 
this  synclinal  axis.  The  stratified  beds,  which  we  have 
hitherto  followed  across  the  range,  a  little  farther  down 
are  seen  to  lie,  I  believe  unconformably,  on  a  broad 
mountainous  band  of  clay-slate  and  graawacke.  The 
strata  and  laminse  of  this  latter  formation,  on  the  ex- 
treme eastern  dank,  are  generally  nearly  vertical; 
farther  inwards  they  become  inclined  from  45°  to  80° 
to  the  west :  near  Villa  Vicencio  [S]  there  is  apparently 
an  anticlinal  axis,  but  the  structure  of  this  outer  part 
of  the  clay-s)ate  formation  is  so  obscure,  that  I  have  not 
marked  the  planes  of  stratification  in  the  coloured  seo 
tion.  On  the  margin  of  the  Pampas,  some  low,  much 
dislocated  spurs  of  this  same  formation,  project  in  a 
north-easterly  line,  in  the  same  oblique  manner  as  do 
the  ridges  on  the  western  foot,  and  as  is  so  frequently 
the  case  with  those  at  the  base  of  the  main  Cordillera. 

I  will  now  describe  the  nature  (^  the  beds,  begin- 
ning at  the  base  on  die  eastern  side.    fUrst,  f<»  the 
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clay-slate  formatioD :  the  slate  is  generally  hard  and 
bluish,  with  the  laminte  coat«d  by  miunte  micaceooa 
scales;  it  alternates  many  times  with  a  coarse-grained, 
gjeenish  grauwacke,  containing  rounded  fragments  of 
quartz  and  bits  of  alate  in  a  slightly  calcareous  basis. 
The  alate  in  the  upper  part  generally  becomes  purplish, 
and  the  cleavage  bo  irregular  that  the  whole  consists 
of  mere  splinters.  Transverse  veins  of  quartz  are 
numerous.  At  the  Calera,  some  leagues  distant,  there 
is  a  dark  crystalline  limestone,  apparently  included  in 
this  formation.  With  the  exception  of  the  grauwacke 
being  here  more  abundant,  and  the  clay-slate  less  altered, 
this  formation  closely  resembles  that  unconformably 
underlying  the  porphjTies  at  the  western  foot  of  this 
eame  range;  and  likewise  that  alternating  with  the 
porphyritic  conglomerate  in  the  main  Cordillera.  Thia 
formation  is  a  considerable  one,  and  extends  several 
leagues  southward  to  near  Mendoza:  the  mountains 
composed  of  it  rise  to  a  height  of  abont  2,000  feet 
above  the  edge  of  the  Pampas,  or  abont  7,000  feet 
ftbove  the  sea.' 

Secondly :  the  most  nsnal  bed  on  the  clay-slate  is 
a  coarse,  white,  slightly  calcareous  conglomerate,  of  no 
great  thickness,  inclnding  broken  crystals  of  feldspar, 
grains  of  quartz,  and  numerous  pebbles  of  breociated 
clay-stone  porphyry,  bot  without  any  pebbles  of  the 
underlying  clay-^ate.  I  nowhere  saw  the  actual  jnno- 
tion  between  this  bed  and  the  clay-slate,  though  I  spent 
a  whole  day  in  endeavouring  to  discover  their  relations. 
In  some  places  I  distinctly  saw  the  white  conglomerate 
and  overlying  beds  inclined  at  from  26°  to  30"  to  the 
west,  and  at  the  bottom  of  the  same  mountain,  the 
clay-slate  and  grauwacke  inclined  to  the  same  point,  bnt 
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at  an  angle  from  70°  to  80® :  in  one  instance,  the  clay- 
slate  dipped  not  only  at  a  different  angle,  bat  to  a 
different  point  from  the  overlying  formation.  In  these 
cases  the  two  formations  certainly  appeared  quite  un- 
conformable :  moreover,  I  found  in  the  clay-slate  one 
great,  vertical,  dike-like  fissure,  filled  up  with  an  in- 
durated whitish  tuff,  quite  similar  to  some  of  the  upper 
beds  presently  to  be  described;  and  this  shoTS  that  the 
clay-slate  must  have  been  consolidated  and  dislocated 
before  their  deposition.  On  the  other  hand,  the  strati- 
fication of  the  slate  and  grauwacke,^  in  some  cases  gra- 
dually and  entirely  disappeared  in  approaching  the 
overlying  white  conglomerate;  in  other  cases  the 
stratification  of  the  two  formations  became  strictly  con- 
formable; and  again  in  other  cases,  there  was  some 
tolerably  well  characterised  clay-slate  lying  above  the 
conglomerate.  The  most  probable  conclusion  appears 
to  be,  that  afler  the  clay-slate  formation  had  been  dis- 
located and  tilted,  but  whilst  under  the  sea,  a  fresh  and 
more  recent  deposition  of  clay-slate  took  place,  on  which 
the  white  conglomerate  was  conformably  deposited,  with 
here  and  there  a  thin  intercalated  bed  of  clay-slate.  On 
this  view  the  white  conglomerates  and  the  presently  to 
be  described  tuffs  and  lavas  are  really  unconformable 
to  the  main  part  of  the  clay-slate ;  and  this,  as  we  have 
seen,  certainly  is  the  case  with  the  clay-stone  lavas  in 
the  valley  of  Canota,  at  the  western  and  opposite  base 
of  the  range. 

Thirdly :  on  the  white  conglomerate,  strata  several 

'  The  coarse,  mechanical  stincture  of  many  granwackes  has  always 
appeared  to  me  a  difficulty ;  for  the  texture  of  the  associated  clay- 
sLate  and  the  nature  of  the  embedded  organic  remains  where  present, 
indicate  that  the  whole  has  been  a  deep-water  deposit.  Whence  haye 
the  sometimes  included  angular  fragments  of  clay-slate,  and  the 
rounded  masses  of  quartz  and  other  rocks,  been  derived  7  Many 
deep-water  limcFtones,  it  is  well  known,  haye  been  breociated,  and 
then  firmly  recemented. 
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hundred  feet  in  tkickuesa  are  saperlm posed,  vaiying 
much  in  nature  in  short  distances:  the  commonest 
variety  is  a  white,  much  indurated  tuff,  sometunea 
slightly  calcareous,  with  ferruginous  Bpota  and  water- 
lines,  often  passing  into  whitish  or  purplish  compact, 
fine-grained  grit  or  sandstones ;  other  varieties  become 
semi-porcellanic,  and  tinted  faint  green  or  blue ;  others 
pass  into  an  indurated  shale:  most  of  these  varieties 
are  easily  fuaible- 

Fourthly :  a  bed,  about  100  feet  thick,  of  a  compact, 
partially  columnar,  pale-gray,  feldfipathic  lava,  stained 
with  iron,  including  very  namerous  crystals  of  opaque 
feldspar,  and  with  some  crystallised  and  disseminated 
calcareons  matter.  The  tufaceous  stratum  on  which 
this  feldspnthic  lava  rests  is  much  hardened,  stained 
purple,  aud  has  a  apherico-concretionaiy  stracture; 
it  here  contains  a  good  many  pebbles  of  clay-stone 
porphyry. 

Fifthly :  thin  beds,  400  feet  in  thickness,  varying 
much  in  nature,  consisting  of  white  and  ferragiuons 
tufia,  in  some  parts  having  a  concretionary  structure,  in 
others  containing  rounded  grains  and  a  few  pebbles  of 
quartz;  also  passing  into  hard  gntstones  and  into 
greenish  mndstonea :  there  is,  also,  much  of  a  blnish- 
gray  and  green  semi-porcellanic  stone. 

Sixthly:  a  volcanic  stratum,  260  feet  in  thickness, 
of  80  varying  a  nature  that  I  do  not  believe  a  score  of 
specimens  would  show  all  the  varieties ;  much  is  highly 
amygdaloidal,  mnch  compact;  there  are  greenish, 
blackish,  purplish,  and  gray  varieties,  rarely  including 
crystals  of  greeu  augite  and  minute  acicular  ones  of 
feldspar,  but  often  crystals  and  amygdaloidal  masses  of 
white,  red,  and  black  carbonate  of  lime.  Some  of  the 
blackish  varieties  of  this  rock  have  aconchoidal  fracture 
and  resemble  basalt :  others  have  an  irregular  fractnre. 
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Some  of  the  gray  and  purplish  varieties  are  thickly 
speckled  with  green  earth  and  with  white  crystalline 
carbonate  of  lime ;  others  are  largely  amygdaloidal  with 
green  earth  and  calcareous  spar.  Again,  other  earthy 
varieties  of  greenish,  purplish  and  gray  tints,  contain 
much  iron,  and  are  almost  half-composed  of  amygdaloidal 
balls  of  dark  brown  bole,  of  a  whitish  indurated  feld- 
spathic  matter,  of  bright  green  earth,  of  agate,  and  of 
black  and  white  crystallised  carbonate  of  lime.  All  these 
varieties  are  easily  fusible.  Viewed  from  a  distance, 
the  line  of  junction  with  the  underlying  semi-porcel- 
lanic  strata  was  distinct ;  but  when  examined  closely, 
it  was  impossible  to  point  out  within  a  foot  where  the 
lava  ended  and  where  the  sedimentary  mass  began :  the 
rock  at  the  time  of  junction  was  in  most  places  hard,  of 
a  bright  green  colour,  and  abounded  with  irregular 
amygdaloidal  masses  of  ferruginous  and  pure  calcareous 
spar,  and  of  agate. 

Seventhly :  strata,  eighty  feet  in  thickness,  of  various 
indurated  tuffs,  as  before ;  many  of  the  varieties  have  a 
fine  basis  including  rather  coarse  extraneous  particles ; 
some  of  them  are  compact  and  semi-porcellanic,  and 
include  vegetable  impressions. 

Eighthly :  a  bed,  about  fifty  feet  thick,  of  greenish- 
gray,  compact,  feldspathic  lava,  with  numerous  small 
crystals  of  opaque  feldspar,  black  augite,  and  oxide  of 
iron.  The  junction  with  the  bed  on  which  it  rested, 
was  ill  defined;  balls  and  masses  of  the  feldspathic 
rock  being  enclosed  in  much  altered  tuff. 

Ninthly :  indurated  tuffs,  as  before. 

Tenthly:  a  conformable  layer,  less  than  two  feet 
in  thickness,  of  pitchstone,  generally  brecciated,  and 
traversed  by  veins  of  agate  and  of  carbonate  of  lime : 
partfl  are  composed  of  apparently  concretionary  frag- 
ments of  a  more  perfect  variety,  arranged  in  horissontal 
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lineB  in  a  less  perfectly  characterised  variety.  I  have 
much  difficulty  in  believing  that  this  thin  layer  at 
pitckstone  Sowed  as  lava. 

Eleventhly :  eedimentary  and  tafaceoas  beds  as 
before,  passing  into  sandstone,  including  Gooie  con- 
glomerate :  the  pebbles  in  the  latter  are  of  clay-stone 
porphyry,  well  rounded,  and  some  as  large  as  crickeb- 
balls. 

Twelfthly:  a  bed  of  compact,  sonorona,  feldspatbic 
lava,  like  that  of  bed  No.  8,  divided  by  namerous  jointa 
into  large  angular  blocks. 

Thirteenthly :  sedimentary  beds  as  before.  Fonp- 
iteenthly :  a  thick  bed  of  greenish  or  grayish  black, 
compact  basalt  (fusing  into  a  black  enamel),  with  small 
crystals,  occasionally  distingnishable,  of  feldspar  and 
Bugite :  the  junction  with  the  underlying  sedimentary 
bed,  differently  from  that  in  most  of  the  foregoing 
Btreams,  here  was  ^uite  distinct : — the  lava  and  tufaceona 
matter  preserving  their  perfect  characters  within  two 
inches  of  each  other.  This  rock  closely  resembles 
certain  parts  of  that  varied  and  singular  lava-stream 
No.  6 ;  it  likewise  resembles,  as  we  shall  immediately 
see,  many  of  the  groat  upper  beds  on  the  western  flank 
and  on  the  snmmit  of  this  range. 

The  pile  of  strata  here  described  attains  a  great 
thickness ;  and  above  the  last-mentioned  volcanic  stra- 
tum, there  were  several  other  great  tufaceous  beds 
alternating  with  submarine  lavas,  which  I  had  not  time 
to  examine ;  but  a  corresponding  series,  several  tbon- 
Band  feet  in  thickness,  is  well  exhibited  on  the  crest 
•nd  western  flank  of  the  range.  Most  of  the  lava- 
etreane  on  the  western  side  are  of  a  jet-black  coloar 
and  basaltic  nature ;  they  are  either  compact  and 
fine-grained,  including  minute  crystals  of  angite  and 
feldspar,  or  they  are  coarse-grained  and  abonnd  with 
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rather  large  coppery-brown  crystalB  of  an  aagitic  mine- 
ral.' Another  variety  was  of  a  dull-red  coloar,  baring 
a  clay-stone  brecciated  basis,  including  specks  of  oxide 
of  iron  and  of  calcareoas  spar,  and  amygdaloidal  with 
green  earth:  there  were  apparently  serenil  other 
varieties.  These  anbrnarine  lavas  often  exhibit  a  sphe- 
roidal, and  sometimes  an  imperfect  colamnar  structure : 
their  npper  jnnctions  are  mach  more  clearly  defined 
than  their  lower  junctions;  bat  the  latter  are  not  so 
mach  blended  into  the  nnderlying  sedimentary  beds  as 
is  the  cose  in  the  eastern  flank.  On  the  crest  and  west- 
em  flank  of  the  range,  the  streams,  viewed  as  a  whole, 
are  mostly  basaltic ;  whilst  those  on  the  eastern  side, 
which  stand  lower  in  the  series,  are,  as  we  have  seen, 
mostly  feldspathic. 

The  sedimentary  strata  alternating  with  the  lavaa 
on  the  crest  and  western  side,  are  of  an  almost  infinitely 
varying  nature ;  but  a  large  proportion  of  them  closely 
resemble  those  already  described  on  the  eastern  flank; 
there  are  white  and  brown,  indurated,  easily  fusible 
tufis, — some  passing  into  pale  blue  and  green  semi- 
porcellanic  rocks, — others  into  brownish  and  purplish 
sandstenes  and  gritstones,  often  including  grains  of 
quartz,^ — others  into  mndstone  containing  broken  ciys- 
tals  and  particles  of  rock,  and  occasionally  single  large 
pebbles.  There  was  one  stratum  of  a  bright  red,  coarse, 
volcanic  gritstone;  another  of  conglomerate;  another 
of  a  black,  indurated,  carbonaceous  shale  marked  with 
imperfect  vegeteble  impressions ;  this  latter  bed,  which 
was  thin,  rested  on  a  submarine  lava,  and  followed  all 
the  considerable  inequalities  of  ite  upper  surface.  Mr. 
Miers  states  that  coal  has  been  found  in  this  range. 
Lastly,  there  was  a  bed  (like  No.  10  on  the  eastern  flank) 
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evidently  of  sedimentaiy  origin,  and  remarkable  from 
closely  approacbing  in  character  to  an  imperfect  pitch- 
etone,  and  from  including  extremely  thin  layera  of  perfect 
pit«hstone,  as  well  as  nodales  and  irregular  fragments 
(but  not  resembling  extraneous  fragments)  of  this  same 
Tock  arranged  in  horizontal  lines :  I  conceive  that  this 
l)ed,  which  is  only  a  few  feet  in  thickaeas,  must  have 
Assumed  ita  present  Bt^be  through  metamorphic  and 
concretionary  action.  Most  of  these  sedimeutaTy  strata 
are  much  indurated,  and  no  doubt  have  been  partially 
metamorphosed :  many  of  them  are  extraordinarily 
hetivy  and  compact ;  others  have  agate  and  crystalline 
carbonate  of  lime  disseminated  throughout  them. 
Some  of  the  beds  exhibit  a  singular  concretionary  ar- 
rangement, with  the  curves  determined  by  the  lines  of 
fissure.  There  are  many  veins  of  agate  and  calcareous 
spar,  and  innumerable  onea  of  iron  and  other  metals, 
which  have  blackened  and  curiously  affected  the  strata 
to  considerable  distances  on  both  sides. 

Many  of  these  tnfaoeons  beds  resemble,  with  the 
exception  of  being  more  indurated,  the  upper  beds  of 
the  great  Patagonian  Tertiary  formation,  especially 
those  variously  coloured  layers  high  up  the  river  Santa 
Cruz,  and  in  a  remarkable  degree  the  tnfaceons  forma- 
tion at  the  northern  end  of  Chiloe.  I  was  so  mnch 
struck  with  this  resemblance,  that  I  particularly  looked 
out  for  siliciGed  wood,  and  found  it  nnder  the  following 
extraordinary  circumstances.  High  up  on  this  western 
Hank,'  at  a  height  estimated  at  7,000  feet  above  the 

*  For  the  informatloD  of  an;  fntare  traveUer.  I  wil]  describe  the 
■pot  in  detaiL      Proceeding  eastward  from  the  Agna  del  Zotro,  aod 
afterwards  leaving  on  the  Dorth  Bide  of  ibe  road  a  rancho  attached  - 
to  some  old  gold-mines,  jou  pass  through  a  gaily  with  low  bot  steep 

Tocha  on  each  hand:  the  road  tben  bends,  and  the  ascent  beci 

steeper.  A  few  hondred  jards  farther  on,  a  stone's  throw  oi 
sontb  side  o(  the  road,  the  white  calcareoua  stamps  maj  be  i 
The  spot  is  abont  half  a  mile  eaat  of  the  Agaa  del  Zoito. 
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sea,  in  a  broken  escarpment  of  ihin  strata,  composed  of 
compact  green  gritstone  passing  into  a  fine  madstone, 
and  alternating  with  layers  of  coarser,  brownish,  very 
heavy  mndstone  including  broken  crystals  and  particles 
of  rock  almost  blended  together,  I  counted  the  stumps 
of  fifty-two  trees.  They  projected  between  two  and 
five  feet  above  the  ground,  and  stood  at  exactly  right 
angles  to  the  strata,  which  were  here  inclined  at  an 
angle  of  .about  25^  to  the  west.  Eleven  of  these  trees 
were  silicified  and  weU  preserved :  Mr.  B.  Brown  has 
been  so  kind  as  to  examine  the  wood  when  sliced  and 
polished;  he  says  it  is  coniferous,  partaking  of  the 
characters  of  the  Araucarian  tribe,  with  some  curious 
points  of  aflSniby  with  the  Tew.  The  bark  round  the 
trunks  must  have  been  circularly  furrowed  with  irregu- 
lar lines,  for  the  mudstone  round  them  is  thus  plainly 
marked.  One  cast  consisted  of  dark  argillaceous  lime- 
stone ;  and  forty  of  them  of  coarsely  crystallised  car- 
bonate of  lime,  with  cavities  lined  by  quartz  crystals : 
these  lafcter  whit«  calcareous  columns  do  not  retain  any 
internal  structure,  but  their  external  form  plainly  shows 
their  origin.  All  the  stumps  have  nearly  the  same 
diameter,  varying  from  one  foot  to  eighteen  inches; 
some  of  them  stand  within  a  yard  of  each  other;  they 
are  grouped  in  a  clump  within  a  space  of  about  sixty 
yards  across,  with  a  few  scattered  round  at  the  distance 
of  150  yards.  They  all  stand  at  about  the  same  level. 
The  longest  stump  stood  seven  feet  out  of  the  ground : 
the  roots,  if  they  are  still  preserved,  are  buried  and 
concealed.  No  one  layer  of  the  mudstone  appeared 
much  darker  than  the  others,  as  if  it  had  formerly  ex« 
isted  as  soil,  nor  could  this  be  expected,  for  the  same 
agents  which  replaced  with  silex  and  lime  the  wood  of 
the  trees,  would  naturally  have  removed  all  vegetable 
matter  from  the  soil.    Besides  the  fifty-two  upright 
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trees,  there  were  a  few  fi-agmenta,  like  broken  branchefl, 
horizontally  embedded.  The  surrounding  strata  ara 
crossed  by  veins  of  carbonate  of  lime,  agate,  and  oxide 
of  iron ;  and  a  poor  gold  vein  has  been  worked  not  far 
from  the  trees. 

The  green  and  brown  modstone  beds  including  the 
trees,  are  conformably  covered  by  much  indurated, 
compact,  white  or  ferruginous  toffa,  which  pass  upwards 
into  a  6ne-graiEed,  purplish  sedimentary  rock:  these 
strata,  which,  together,  are  from  400  to  500  feet  in 
thickness,  rest  on  a  thick  bed  of  submarine-lava,  and 
are  conformably  covered  by  another  great  mass  of  fine- 
l  grained  basalt,' which  I  estimated  at  1,000  feet  in  thick- 
'  ness,  and  which  probiibly  has  been  formed  by  more  than 
one  stream.  Above  this  mass  1  could  clearly  distin- 
guish five  conformable  alternations,  each  several  hnn- 
dred  feet  in  thickness,  of  stratified  sedimentary  rocks 
and  lavas,  such  aa  have  been  previously  described. 
Certainly  the  upright  trees  have  been  buried  under 
several  thousand  feet  in  thickness  of  matter,  accumu- 
lated under  the  sea..  As  the  trees  obviously  must  once 
have  grown  on  dry  land,  what  an  enormous  amount  of 
subsidence  is  thus  indicated  \  Nevertheless,  bad  it  not 
been  for  the  trees  there  was  no  appearance  which  would 
have  led  any  one  even  to  have  conjectured  that  these 
strata  had  subsided.  As  the  land,  moreover,  on  which 
the  trees  grew,  is  formed  of  subaqueous  deposits,  of 
nearly  if  not  quite  equal  thickness  with  the  superin- 
cumbent  strata,  and  aa  these  deposits  are  regularly 
stratified  and  fine-grained,  not  like  the  matter  thrown 
up  on  a  sea-beach,  a  previous  upward  movement,  aided 

'  This  rock  is  quite  black,  and  fnses  into  a  block  bead,  atbaeted 
•tron^ily  by  the  magnet ;  it  breaks  with  a.  concboidal  fractnn ;  the 
incladed  crystals  of  augite  are  distingntahable  by  the  naked  v}^  bat 
ue  not  perfect  enoDgh  to  be  meanired :  there  an  manr  miirata 
adooUr  eiystala  of  glaMj  feldspar. 
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no  donbt  by  the  great  accnmalation  of  lavas  and  sedi- 
ment, is  also  indicated.' 

In  nearly  the  middle  of  the  range,  there  are  some 
hills  [Q],  before  alluded  to,  formed  of  a  kind  of  granite 
externally  resembling  andesite,  and  consisting  of  a 
white,  imperfectly  granular,  feiaapathic  basis,  including 
some  perfect  crystals  apparently  of  albite  (but  I  was 
nnabie  to  measure  them),  mach  black  mica,  epidote  in 
veins,  and  very  little  or  no  qnartz.  Nomerons  small 
veins  branch  from  this  rock  into  the  snrrunnding 
strata ;  and  it  is  a  singular  fact  that  these  veins,  though 
composed  of  the  same  kind  of  feldspar  and  small  scales 
of  mica  as  in  the  solid  rock,  abound  with  innumerable 
minute  rounded  gruns  of  quartz :  in  the  veins  or  dikes 
also,  branching  from  the  great  granitic  axis  in  the  pen- 
insula of  Tree  Montes,  I  observed  that  qnartz  was  more 
abundant  in  them  than  in  the  main  rock :  I  have  heard 
of  other  analogous  cases :  can  we  account  For  this  fact, 
by  the  long-continued  vicinity  of  quartz*  when  cooling, 
I  At  first  I  imagineil,  that  the  Btrata  with  the  treen  might  have 
bpcn  accumulated  in  a  lake:  bnt  this  seems  bigblf  improbable ;  for, 
tirst,  a  ver;  deep  lake  was  necesBarj  to  receive  the  metier  below  the 
trees,  then  it  must  have  Ijeen  drained  for  their  growth,  and  afterwards 
re-formed  and  made  profoundly  deep,  so  aa  to  receive  a  SDbseqDent 
accjmulatioo  of  natter  letcrai  thmitand  feet  in  thickness.  And  all 
thia  must  have  taken  place  necessarilj  before  the  fonnation  ot  the 
Uspallata  range.and  therefore  on  the  margin  of  the  ivide  level  eipanw 
of  (he  Pampas  I  Bcnco  1  conclude,  that  it  is  inHnltelj  more  probable 
that  the  strata  were  accumulated  under  the  eea :  the  vast  amount  ot 
denudttion,  moreover,  which  this  range  has  aoffered,  as  shown  by  the 
wide  valleys,  by  the  exposure  of  the  very  trees  and  by  other  appear- 
ances, could  have  been  effected,  I  conceive,  only  b^  the  long-oontinoed 
action  of  the  sea ;  and  this  shows  that  the  range  was  either  upheaved 
from  Qoder  the  sea,  or  subsequently  let  down  into  it.  From  the 
natural  manner  in  which  the  stumps  (flfty-two  in  number)  taegrouped 
in  a  etump.  and  from  their  all  standing  vertically  to  the  strata,  it  is 
guperfluooB  to  speculate  on  the  chance  of  the  trees  having  been  drifted 
tromadj  'ining  land,  and  deposited  npright :  I  may.  however,  mention 
that  the  lale  Dr.  Malcolmson  assured  me,  that  he  once  met  In  the 
Indian  Ocean,  Rfty  miles  from  land,  several  coooa-nut  trees  floating 
opright,  owing  to  their  roots  being  loaded  with  earth. 

'  See  a  paper  by  M.  Bile  de  BeaniiM>nt,*Boa.  Fbilomath.'  Uar, 
1839  (•  L'InaUtat,'  1839,  p.  161> 
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and  by  its  bflving  been  thus  more  easily  sucted  iota 
fissures  than  the  other  constituent  mineraia  of  granite. 
The  strata  encasing  the  Qanka  of  these  granitic  or 
QD^esitic  masses,  and  forming  a  thick  cap  on  one  of 
their  summits,  appear  originally  to  have  been  of  the 
same  tufaceous  nature  with  the  beds  already  described^ 
but  they  are  now  changed  into  porcellanic,  jnspery,  and 
crystalline  rocks,  and  into  others  of  a  white  colour  with 
a  harsh  texture,  and  having  a  siliceous  aspect,  tbongh 
really  of  a  feldspathic  nature  and  fusible.  Both  tha 
granitic  intrusive  masses  and  the  encasing  strata  are 
penetrated  by  innamerable  metallic  veins,  mostly  ferro- 
ginous  and  auriferous,  but  some  containing  copper- 
pyrites  and  a  few  silver :  near  the  veins,  the  rocks  are 
blackened  as  if  blasted  by  gunpowder.  The  strata  are* 
only  slightly  dislocated  close  roand  these  hills,  and' 
hence,  perhaps,  it  may  be  inferred  that  the  granitic 
masses  form  only  the  projecting  points  of  a  broad 
continuous  axis-dome,  which  has  given  to  the  upper 
parts  of  this  range  its  anticlinal  structure. 

CoiicZi«iinj  lieinarks  on  the  Usjnilafa  Range. — I 
will  not  attempt  to  estimate  the  total  thickness  of  the 
pile  of  strata  forming  this  range,  but  it  must  amonnt 
to  many  thousand  feet.  The  sedimentary  and  tufa<:eoas 
beds  have  throughout  a  general  similarity,  though  with 
infinite  variations.  The  eubraarine  lavas  in  the  lower 
part  of  the  series  are  mostly  feldspathic,  whilst  in  the 
upper  part,  on  the  summit  aniJ  western  flank,  they  are 
mostly  basaltic.  We  are  thus  reminded  of  the  relative 
position  in  moat  recent  volcanic  districts  of  the  trachy- 
tic  and  basaltic  lavas, — the  latter  from  their  greater 
weight  having  sunk  to  a  lower  level  in  the  earth's 
crust,  and  having  consequently  been  erupted  at  a  later 
period  over  the  lighter  and  upper  lavas  of  the  trachytic 
Beriea.'  Both  the  basaltic  and  feldspathic  submarine 
>  See  on  tbii  subject  Chapter  TL 
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streams  are  very  compact;  cone  being  vesicular,  and 
only  a  few  amygdsloidal :  the  efiecte  which  soma  of 
ibem,  especially  those  low  in  the  seriea,  have  produced 
on  the  tufaceous  beds  over  which  they  have  flowed  ia 
highly  curious.  Independently  of  this  local  meta- 
morpbic  action,  all  the  strata  nndoubtedly  display  an 
indurated  and  altered  character ;  and  alt  the  rocks  of 
this  range — the  lavas,  the  alternating  sediments,  the 
intrusive  granite  and  porphyries,  and  the  anderlying 
clay-slate — are  intersected  by  metalliferous  veins.  The 
lava-Btrata  can  often  be  seen  extending  for  great  dis- 
tances, conformably  with  the  under-  and  over-lying 
beds;  and  it  was  obvious  that  they  thickened  towards 
the  west.  Hence  the  points  of  eruption  must  have  been 
situated  westward  of  the  present  range,  in  the  direction 
of  the  main  Cordillera  :  as,  however,  the  6auks  of  the 
Cordillera  are  entirely  composed  of  various  porphyries, 
chiefly  claystone  and  greenstone,  some  intrusive,  and 
others  belonging  to  the  porphyritic  conglomerate  for- 
mation, but  all  quite  unlike  these  submarine  lava- 
streams,  we  must  in  all  probability  look  to  the  plain  of 
Uspallata  for  the  now  deeply  buried  points  of  eruption. 
Comparing  our  section  of  the  Uspallata  range  with 
that  of  the  Cumbre,  we  see,  with  the  exception  of  the 
anderlying  clay-  slate,  and  perhaps  of  the  intrusive  rocks 
of  the  axes,  a  striking  dissimilarity  in  the  strata  com- 
posing them.  The  great  porphyritic  conglomerate 
formation  has  not  extended  as  far  as  this  range ;  nor 
have  we  here  any  of  the  gypseous  strata,  the  magnesian 
and  other  limestones,  the  red  sandstones,  the  siliceous 
beds  with  pebbles  of  quartz,  and  comparatively  little  of 
the  conglomerates,  all  of  which  form  such  vast  masses 
over  the  basal  series  in  the  main  Cordillera.  On  th6 
other  hand,  in  the  Cordillera,  we  do  not  find  those  end- 
less varieties  of  indurated  tn^,  wiUi  their  nnmeroos 
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veins  and  concretionary  arrangcmeut,  and  those  grit 
and  mud  stones,  and  singular  somi-porcellanic  rocks, 
eo  abundant  in  the  ITspallata  range.  The  submarine 
lavas,  also,  differ  considerably  ;  the  feldspathic  Btreama 
of  the  Cordillera  contain  much  mica,  which  is  absent  in 
those  of  the  Uspallata  range :  in  this  latter  range  we 
have  seen  on  how  grand  a  scale,  basaltic  lava  baa  been 
poured  forth,  of  which  there  is  not  a  trace  in  the 
Cordillera,  This  disaimilarity  ia  the  more  striking, 
considering  that  these  two  parallel  chains  are  separated 
by  a  plain  only  between  ten  and  fifteen  milea  in  width ; 
and  that  the  Uspallata  lavas,  as  well  as  no  doubt  the 
alternating  tofaceoos  beds,  have  proceeded  from  tha 
west,  from  points  apparently  between  the  two  ranges. 
To  imagine  that  these  two  piles  nf  strata  were  con- 
temporaneously deposited  in  two  closely  adjoining,  very 
deep,  submarine  areas,  separated  from  each  other  by 
a  lofty  ridge,  where  a  plain  now  extends,  would  be  a 
gratuitous  hypothesis.  And  had  they  been  contempo- 
i-oneously  deposited,  without  any  such  dividing  ridge, 
surely  some  of  the  gypseous  and  other  sedimentary 
matter  forming  such  immensely  thick  masses  in  the 
Cordillera,  would  have  extended  this  short  distance 
eastwards  ;  and  surely  some  of  the  Uspallata  tuffs  and 
basalts  also  accumulated  to  BO  great  a  thickneso,  would 
have  extended  a  little  westward.  Hence  I  conclude, 
that  it  is  far  more  probable  that  these  two  series  are 
not  contemporaneous  ;  but  that  the  strata  of  one  of  the 
chains  were  deposited,  and  even  the  chain  itself  uplifted, 
before  the  formation  of  the  other : — which  chain,  then, 
is  the  oldest  ?  Considering  that  in  the  Uspallata  range 
the  lowest  strata  on  the  western  flank  lie  unconforma- 
bly  on  the  clay-slate,  as  probably  is  the  case  with  those 
on  the  eastern  flank,  whereas  in  the  Cordillera  all  the 
overlying  strata  lie  conformably  on  this  formation :-— 
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considering  that  in  tha  TJepallata  range  aome  of  the 
beds,  bott  low  down  and  high  up  in  the  aeries,  are 
marked  with  vegetable  impressions,  showing  the  con- 
tinned  existence  of  neighbouring  land; — considering 
the  close  general  resemblance  between  the  deposits  of 
this  range  and  those  of  tertiary  origin  in  several  parts 
of  the  continent ;— and  lastly,  even  considering  the 
lesser  height  and  outlying  position  of  the  U&pallata 
range, — I  conclude  that  the  strata  composing  it  are  in 
all  probability  of  snbseqnent  origin,  and  that  they  were 
accumulated  at  a  period  when  a  deep  sea  studded  with 
submarine  volcanos  washed  the  eastern  base  of  the 
already  partially  elevated  Cordillera. 

This  conclusion  is  of  mnch  importaace,  for  we  have 
seen  that  in  the  Cordillera,  daring  the  deposition  of 
the  Keocomian  strata,  the  bed  of  the  sea  must  have 
subsided  many  thousand  feet :  we  now  learn  thiit  at  a 
later  period  an  adjoining  area  first  received  a  great 
accumulation  of  strata,  and  was  upheaved  into  land  on 
which  coniferous  trees  grew,  and  that  this  area  then 
subsided  seveml  thousand  feet  to  receive  the  superin- 
cumbent submarine  strata,  afterwards  being  broken  up, 
denuded,  and  elevated  in  mass  to  its  present  height.  I 
am  strengthened  in  this  conclusion  of  there  having 
been  two  distinct,  great  periods  of  subsideoce,  by 
reflecting  on  the  thick  mass  of  coarse  stratified  conglo- 
merate in  the  valley  of  Tenuyan,  between  the  Penqnenes 
and  Portillo  lines ;  for  the  accumulation  of  this  mass 
seems  to  me,  as  previously  remarked,  almost  necessarily 
to  have  required  a  prolonged  subsidence;  and  this 
subsidence,  from  the  pebbles  in  the  conglomerate  having 
been  to  a  great  extent  derived  from  the  gypseous  or 
Keocomian  strata  of  the  Penqnenes  line,  we  know  must 
have  beeu  quite  distinct  from,  and  aubseqaent  to,  that 
sinking  movement  which  probably   accompanied    the 
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deposition  of  the  Peuqnenea  strata,  and  which  certainly 
accompanied  the  deposition  of  the  equivalent  beds  near 
the  Paente  del  Inca,  in  this  line  of  section. 

The  UspJIata  chain  corresponds  in  geographical 
position,  though  on  a  small  scale,  with  the  PortiUo  line ; 
and  its  clay-slate  formation  ia  probably  the  equivalent 
of  the  mica-schist  of  the  Portillo,  there  metamorphosed 
by  the  old  white  graniteo  and  syenites.  The  coloured 
beds  under  the  conglomerate  in  the  valley  of  Tenoyan, 
of  which  traces  are  seen  on  the  crest  of  the  Portillo, 
and  even  the  conglomerate  itself,  may  perhaps  be 
i^nchronous  with  the  tufaoeoua  beds  and  submarine 
lavas  of  the  Uspallata  range  ;  an  opeo  sea  and  vulcanic 
action  in  the  latter  case,  and  a  contined  channel  between 
two  bordering  chains  of  islets  in  the  former  case,  having 
been  sufficient  to  account  for  the  mineralogical  dissimi- 
larity of  the  two  series.  From  this  correspondence 
between  the  Uspallata  and  Portillo  ranges,  pterhaps  in 
age  and  certainly  in  geographical  position,  one  is 
tempted  to  consider  the  one  range  as  the  prolongation 
of  the  other ;  but  their  axes  are  formed  of  totally  diffe- 
rent intrusive  rocks ;  and  we  have  traced  the  apparent 
continuation  of  the  red  granite  of  the  Portillo  in  the 
red  porphyries  diverging  into  the  main  Cordillera. 
Whether  the  axis  of  the  Uspallata  range  was  injected 
before,  or,  as  perhaps  is  more  probable,  after  that  of 
the  Portillo  line,  I  will  not  pretend  to  decide ;  but  it 
is  well  to  remember  that  the  highly  inclined  lava- 
streams  on  the  eastern  flank  of  the  Portillo  line,  prove 
that  its  angular  npheavement  was  not  a  single  and 
endden  event;  and  therefore  that  the  anticlinal  eleva- 
tion of  the  Uspallata  range  may  have  been  contempo- 
raneous with  some  of  the  later  angnlar  movements  by 
which  the  gigantic  Portillo  range  gained  its  present 
height  above  the  adjoining  plain. 


CHAP.  XV.         Valparaiso  to  Coquimbo.  535 


CHAPTER  XV. 

NORTHERN    CHILE. — CONCLUSION. 

Section  from  Illapel  to  Combarbala  ;  Oyj)ieou$  formation  with  iUt* 

oified  wood — PannnciUo — Coquimho  ;  mines  of  Arqueros;  section 

up  valley;  fossils — Guasoo,  fossils  of-^Copiapo  section  up  vaUey  ; 

Las  Amolanas  silicified  wood^  oonglamerates,  natwre  of  former  land, 

fomU,  thickness  of  strata^  great  subsidence —  VaUey  of  Despohlado, 

fossils^  tufaceous  deposit,  complicated  dislocations  qf— Relations 

between  ancient  orijioes  of  eruption  and  subsequent  awes  of  injection 

— Iquique,  Peru,  fossils  of  salt-deposits — Metalliferous  veins — Sitm^ 

mary  on  the  Porphyritic  conglomerate  and  Gypseous  formations — 

Great  subsidence  with  partial  elevations  during    the  CretaeeO' 

oolitic  period —On  the  elevation  and  structure  of  the  Oordillora — 

Recapitulation  on  the  Tertiary  scries — Relation    between  movC' 

fuents  of  subsidence  and  volcanic  action — Pumpean  formation — 

Recent  elevalory  movements — Long-continued  volcanic  action  in  the 

Cordillera.     Conclusion, 

Valparaiso  to  Coquimbo. — I  have  already  described 
the  general  nature  of  the  rocks  in  the  low  country  north 
of  Valparaiso,  consisting  of  granites,  syenites,  green- 
stones, and  altered  feldspathic  clay-slate.  Near  Coquimbo 
there  is  much  hornblendic  rock  and  various  dusky- 
coloured  porphyries.  I  will  describe  only  one  section 
in  this  district,  namely,  from  near  Illapel  in  a  NE.  line 
to  the  mines  of  Los  Homos,  and  thence  in  a  north  by 
east  direction  to  Combarbala,  at  the  foot  of  the  main 
Cordillera. 

Near  Illapel,  after  passing  for  some  distance  over 
granite,  andesito,  and  andesitic  porphyry,  we  come  to 
a  greenish  stratified  feldspathic  rock,  which  I  believe 
IS  altered  clay-slate,  conformably  capped  by  porphyries 
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Uid  porphyritic  conglomerate  of  groat  tliickness,  dip- 
ping at  an  average  angle  of  20"  to  NE.  by  N.  The 
sppermost  beds  consiet  of  coDglomerates  and  sandstone 
only  a  little  metamorphosed,  and  conformably  covered 
by  a  gypseous  formation  of  very  great  thicltne-ss,  bat 
much  denuded.  This  gypseona  formation,  where  6rgt 
met  with,  lies  in  a  broad  valley  or  basin,  a  little  south- 
ward of  the  mines  of  Los  Hornoa :  tie  lower  half  alone 
contains  gj-psum,  not  in  great  maaees  aa  in  the  Cordillera, 
bnt  in  iunumerable  tkin  layers,  seldom  more  than  an 
inch  or  two  in  thickness.  The  gypsum  ia  either  opaque 
or  transparent,  and  ia  assoriated  with  carbonate  of  lime. 
The  layers  altemata  with  numerous  varying  ones  of  a 
calcareous  clay-shale  {with  strong  aluminous  odonr, 
adhering  to  tlio  tonyne,  easily  fusible  into  a  pale  green 
glos.s),  more  or  less  itiduralfd,  elflicr  e.'irthy  am]  cream 
coloured,  or  greenish  and  hard.  The  more  indurated 
varieties  have  a  compact,  homogeneous  almost  crystal- 
line fracture,  and  contain  granules  of  crystallified  oxide 
of  iron.  Some  of  the  varieties  almost  resemble  hone- 
stones.  There  is  also  a  little  black,  hardly  fnsiblei, 
eiliceo-calcareous  clay-slate,  like  some  of  the  varieties 
alternating  with  gypsum  on  the  I'euquenes  range. 

The  upper  half  of  this  gypseous  formation  is  mainly 
formed  of  the  same  calcareous  clay-shale  rock,  but 
without  any  gypsum,  and  varying  extremely  in  nature : 
it  passes  from  a  soft,  coarse,  earthy,  fermginous  state, 
including  particles  of  quartz,  into  compact  clay-stonea 
with  crystallised  oxide  of  iron, — into  porcellanic  layers, 
alternating  with  seams  of  calcareous  matter,—  and  into 
green  porcelain-jasper  excessively  hard,  but  easily 
fusible.  Strata  of  this  nature  alternate  with  much 
black  and  brown  si liceo- calcareous  slate,  remarkable 
from  the  wonderful  number  of  huge  embedded  logs  of 
silicified  wood.    This  wood,  according  to  Mr.  R.  Brown, 
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is  (judging  from  several  specimens)  all  coniferous. 
Some  of  the  layers  of  the  black  siliceous  slate  contained 
irregular  angular  fragments  of  imperfect  pitchstone, 
which  I  believe,  as  in  the  Uspallata  range,  has  origin- 
ated in  a  metamorphic  process.  There  was  one  bed  of 
a  marly  tufaceous  nature,  and  of  little  specific  gravity. 
Veins  of  agate  and  calcareous  spar  are  numerous.  The 
whole  of  this  gypseous  formation,  especially  the  upper 
half,  has  been  injected,  metamorphosed,  and  locally 
contorted  by  numerous  hillocks  of  intrusive  porphyries 
crowded  together  in  an  extraordinary  manner.  These 
hillocks  consist  of  purple  clay-stone  and  of  various  other 
porphyries,  and  of  much  white  feldspathic  greenstone 
passing  into  andesite;  this  latter  variety  included  in 
one  case  crystals  of  orthitic  and  albitic  feldspar  touch- 
ing each  other,  and  others  of  hornblende,  chlorite,  and 
epidote.  The  strata  surrounding  these  intrusive  hil- 
locks at  the  mines  of  Los  Hornos,  are  intersected  by 
many  veins  of  copper-pyrites,  associated  with  much 
micaceous  iron-ore,  and  by  some  of  gold :  in  the  neigh- 
bourhood of  these  veins  the  rocks  are  blackened  and 
much  altered.  The  gypsum  near  the  intrusive  masses 
is  always  opaque.  One  of  these  hillocks  of  porphyry 
was  capped  by  some  stratified  porphyritic  conglomerate, 
which  must  have  been  brought  up  from  below,  through 
the  whole  immense  thickness  of  the  overlying  gypseous 
formation.  The  lower  beds  of  the  gypseous  formation 
resemble  the  corresponding  and  probably  contempora- 
neous strata  of  the  main  Cordillera ;  whilst  the  upper 
beds  in  several  respects  resemble  those  of  the  Uspallata 
chain,  and  possibly  may  be  contemporaneous  with 
them ;  for  I  have  endeavoured  to  show  that  the  Uspal- 
lata beds  were  accumulated  subsequently  to  the  gyp- 
seous or  Neocomian  formations  of  the  Cordillera. 

This  pile  of  strata  dips  at  an  angle  of  about  20^  to 
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ranj.'e  of  tbe  main  ConJiHen*.  The  lower  beds  were 
berir  more  jas.pttrw  than  a^oal,  uid  thr^v  ioclnded  some 
white  cberty  strata  and  red  sandstones,  alternating  with 
pnrp!e  c! a;  stone  porphyry.  Higher  up  in  the  Cordillera 
there  appeared  to  be  a  line  c^  asdcrsitic  rocks;  and 
beyond  them,  a  fourth  escarpment  of  the  porphjritic 
CODglom^-rate,  again  dipping  eastwards  or  inwards. 
The  overlying  gypseona  strata,  if  they  ever  existed  here^ 
have  l>f-en  entirely  removed. 

C'/j//ier  ifinei  of  PanunaUo. — From  Combarbala 
to  Cofjuimlxi,  I  traversed  the  country  in  a  zig-zag 
direction,  croe-aing  and  recrossing  the  porphyritic  con- 
glotaerate  and  finding  in  the  granitic  districts  an  an- 
DHual  numher  of  mount ain-massea  composed  of  various 
jntruwive,  porphyritic  rocks,  many  of  them  andesitic 
One  common  variety  was  greenish -black,  with  large 
crystals  of  blackish  albite.  At  Panuncillo  a  short 
KNW.  and  SSE.  ridge,  with  a  nucleus  formed  of 
greenstone  and  of  a  slate-coloured  porphyry  including 
crystals  of  glassy  feldspar,  deserves  notice,  from  the 
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very  siDgoIar  nature  of  the  almost  vertical  strata  com- 
posing it.  These  consist  chiefly  of  a  finer  or  coarser 
granular  mixture,  not  very  compact,  of  white  carbonate 
of  lime,  of  protoxide  of  iron  and  of  yellowish  garnets 
(ascertained  by  Prof.  Miller),  each  grain  being  an 
almost  perfect  crystal.  Some  of  the  varieties  consist 
exclusively  of  granules  of  the  calcareous  spar;  and 
some  contain  grains  of  copper, ore,  and,  1  belisve,  of. 
quartz.  These  strata  alternate  with  a  bluish,  compact, 
fusible,  feldspathic  rock.  Much  of  the  above  granular 
mixture  has,  also,  a  pseudo-brecciated  stmcture,  in 
which  fragments  are  obscurely  arranged  in  planes 
parallel  to  those  of  the  stratification,  and  are  con- 
spicuous on  the  weathered  surfaces.  The  firagmeuts 
are  angular  or  rounded,  small  or  large,  and  consist  of 
bluish  or  reddish  compact  feldspathic  matter,  in  which 
a  few  acicular  crystals  of  feldspar  can  sometimes  be 
seen.  The  fragments  often  blend  at  their  edges  into 
the  surrounding  granular  mass,  and  seem  due  to  a  kind 
of  coucreti6nary  action. 

These  singular  rocks  are  traversed  by  many  copper 
veins,  and  appear  to  rest  conformably  on  a  granular 
mixture  (in  parts  as  finegrained  as  a  sandstone)  of 
quartz,  mica,  hornblende,  and  feldspar;  and  this  on 
fine-grained,  common  gneiss ;  and  this  on  a  laminated 
maBS,  composed  of  pinkish  orlhitic  feldspar,  including 
a  few  specks  of  hornblende ;  and  lastly,  this  on  granite, 
which  together  with  andesitic  rocks,  form  the  surround- 
ing district. 

Coquimbo !  Mining  District  of  Arqueros. — At 
Coquimbo  the  porphyritic  conglomerate  formation  ap- 
proaches nearer  to  the  Pacific  than  in  any  other  part 
of'Chile  visited  by  me,  being  separated  from  the  coast 
by  a  tract  only  a  few  miles  broad  of  the  usual  plutonio 
rocks,  with  tiie  addition  of  a  porphyry  having  a  red 
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enritic  base.  lo  pi-oceodiog  to  the  mines  of  Arqoeros, 
tie  strata  of  porphyriLic  conglomerate  are  at  firet  nearly 
horizontal,  an  anustial  circumstance,  and  af^rwards 
thejr  dip  gently  to  SSE.  Afier  having  aBcend>-d  to  a 
ooDsiderable  height,  we  come  to  an  undulatory  district 
in  which  the  famous  silver  mines  are  Bituated:  my 
examination  was  chiefly  confined  to  those  of  S.  Rosa, 
Most  of  the  rocks  in  this  district  are  stratified,  dipping 
in  various  directions,  and  many  of  them  are  of  so 
eingnlar  a  nature,  that  at  the  risk  of  being  tedious  I 
naast  briefly  describe  them.  The  commonest  variety  is 
a  dull-red,  compact,  finely-brecciated  stone,  containing 
much  iron  and  innumerable  white  crystallised  particles 
of  carbonrile  of  lime  and  minute  extraneo as  fragmenta. 
Another  variety  is  nlTiiost  equally  common  nepj-  S.  Rosa  ; 
it  has  a  bright  green,  scanty  basis,  including  distinct 
crystals  and  patches  of  white  carbonate  of  lime,  and 
grains  of  red,  semi -micaceous  oxide  of  iron :  in  parts 
the  basis  becomes  dark  green,  and  assumes  an  obscure 
crystalline  arrangement,  and  occasionally  in  parts  it 
becomes  sofl  and  slightly  translucent  like  soapstone. 
These  red  and  green  rocks  are  often  quite  distinct,  and 
often  pass  into  each  other :  the  passage  being  sometimes 
affected  by  a  fine  breccinted  structure,  particles  of  the 
red  and  green  matter  being  mingled  together.  Some 
of  the  varieties  appear  gradually  to  become  porphyritic 
with  feldspar ;  and  all  of  them  are  easily  fusible  into 
pale  or  dark-coloured  beads,  strongly  attracted  by  the 
magnet.  I  should  perhaps  have  mistaken  several  of 
these  stratified  rocks  for  submarine  lavas,  like  some  of 
those  described  at  the  Puente  del  Inca,  had  I  not  ex- 
amined, a  few  leagues  eastward  ofthis  point,  a  fineseyea 
of  analogous  but  less  metamorphosed,  sedimentary  beds 
belonging  to  the  gypseous  formation,  and  probably  de- 
rived from  a  volcanic  source. 
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This  formation  is  intersected  by  numerous  metal- 
liferous veins,  running,  though  irregularly,  NW.  and 
SE.,  and  generally  at  right  angles  to  the  many  dikes. 
The  veins  consist  of  native  silver,  of  muriate  of  silver, 
an  amalgam  of  silver,  cobalt,  antimony,  and  arsenic,^ 
generally  embedded  in  sulphate  of  barytes.  I  was 
assured  by  Mr.  Lambert,  that  native  copper  without  a 
trace  of  silver  has  been  found  in  the  same  vein  with 
native  silver  without  a  trace  of  copper.  At  the  mines 
of  Aristeas,  the  silver  veins  are  said  to  be  unproductive 
as  soon  as  they  pass  into  the  green  strata,  whereas  at 
S.  Rosa,  only  two  or  three  miles  distant,  the  reverse 
happens ;  and  at  the  time  of  my  visit,  the  miners  were 
working  through  a  red  stratuni,  in  the  hopes  of  the 
vein  becoming  productive  in  the  underlying  green  sedi- 
mentary mass.  I  have  a  specimen  of  one  of  these  green 
rocks,  with  the  usual  granules  of  white  calcareous  spar 
and  red  oxide  of  iron,  abounding  with  disseminated 
particles  of  glittering  native  and  muriate  of  silver, 
yet  taken  at  the  distance  of  one  yard  from  any 
vein, — a  circumstance,  as  I  was  assured,  of  very  rare 
occurrence. 

Section  Eastward^  up  the  Valley  of  Coquimbo, — 
After  passing  for  a  few  miles  over  the  coast  granitic 
series,  we  come  to  the  porphyritic  conglomerate,  with 
its  usual  characters,  and  with  some  of  the  beds  dis- 
tinctly displaying  their  mechanical  origin.  The  strata, 
where  first  met  with,  are,  as  before  stated,  only  slightly 
inclined  ;  but  near  the  Hacienda  of  Pluclaro,  we  come 
to  an  anticlinal  axis,  with  the  beds  much  dislocated  and 
shifted  by  a  great  fault,  of  which  not  a  trace  is  ex- 
ternally seen  in  the  outline  of  the  hill.  I  believe  that 
this  anticlinal  axis  can  be  traced  northwards,  into  the 

*  See  the  Report  on  M.  Domeyko's  account  of  these  mines,  in 
the  *  Comptes  Rendus/  t.  xiv.  p.  560. 


di.*trict  of  ArqaeroB,  wtere  a  conapicnouB  hill  called 
Cerro  Blanco,  formed  of  a  harsh,  cream -co!  oured  earitio 
rock,  including  a  few  crjstals  of  reddish  feldspar,  and 
associated  with  some  purplish  clarstono  porphyry,  seema 
to  fall  on  a  line  of  elevation.  In  descending  from  the 
Arqueros  district,  I  crossed  on  the  northern  border  of  the 
valley,  strata  inclined  eastward  from  the  Plnclaro  axis: 
on  the  porpbjritic  conglomerate  there  rested  a  mass, 
florae  hundred  feet  thick,  of  brown  argillaceous  limestoae, 
iu  parta  crysliilline,  and  in  parts  almost  composed  of  I 
Hi^ipvriles  Ckilensis,  d'Orbig. ;  above  this  i^me  a  black 
calcareous  ehale,  and  on  it  a  red  conglomerate.  In  the 
brown  limestoae,  with  the  Hippuritea,  there  was  aa 
impressiou  of  a  Pecten  and  a  coral,  and  great  numbers 
of  a  large  Gryphsea,  very  like,  and,  acconliiig  to  Prof. 
E.  Forbes,  probably  identical  with  0.  Orienialis,  Porbea 
MS., — a  cretaceous  species  (probably  upper  greensand) 
from  Verdachelium,  in  Southern  India.  These  fossils 
seem  to  occupy  nearly  t^e  same  position  with  those  at 
the  Puente  del  Inca, — namely,  at  the  top  of  the  por- 
pliyritic  conglomerate,  and  at  the  base  of  the  gypseous 
formation. 

A  little  above  the  Hacienda  of  Pluclaro,  I  made  a 
detour  on  the  northern  side  of  the  valley,  to  examine 
the  superincumbent  gypseous  strata,  which  I  estimated 
at  6,000  feet  in  thickness.  The  uppermost  beds  of  the 
porpliyritic  conglomerate,  on  which  the  gypseous  strata 
conformably  rest,  are  variously  coloured,  with  one  very 
singular  and  beautiful  stratum  composed  of  pnrple 
pebbles  of  various  kinds  of  porphyry,  embedded  in 
white  calcareous  spar,  icicluding  cavities  lined  with 
bright>-gruen  crjstallised  epidote.  The  whole  pile  of 
strata  belonging  to  both  formations  is  inclined,  ap- 
parently from  the  above-mentioned  axis  of  Pluclaro, 
St  an  angle  of  between  20°  and  30°  to  the  east.     I  will 
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here  give  a  section  of  the  principal  beds  met  with  in 
crossing  the  entire  thickness  of  the  gypseous  strata. 

First  :    above   the   porphyritic   conglomerate   for- 
mation, there  is  a  fine-grained,  red,  crystalline  sand-^ 
stone. 

Secondly :  a  thick  mass  of  smooth-grained,  calcareo- 
aluminous,  shaly  rock,  often  marked  with  dendritic 
manganese,  and  having,  where  most  compact,  the  ex- 
ternal appearance  of  honestone.  It  is  easily  fusible. 
I  shall  for  the  future,  for  convenience  sake,  call  this 
variety  pseudo-honestone.  Some  of  the  varieties  are 
quite  black  when  freshly  broken,  but  all  weather  into 
a  yellowish-ash  coloured,  soft,  earthy  substance,  pre- 
cisely as  is  the  case  with  the  compact  shaly  rocks  of 
the  Peuquenes  range.  This  stratum  is  of  the  same 
general  nature  with  many  of  the  beds  near  Los  Homos 
in  the  lUapel  section.  In  this .  second  bed,  or  in  the 
underlying  red  sandstone  (for  the  surface  was  partially 
conceded  by  detritus),  there  was  a  thick  mass  of 
gypsum,  having  the  same  mineralogical  characters  with 
the  great  beds  described  in  our  sections  across  the 
Cordillera. 

Thirdly:  a  thick  stratum  of  fine-grained,  red, 
sedimentary  matter,  easily  fusible  into  a  white  glass, 
like  the  basis  of  claystone  porphyry  ;  but  in  parts 
jaspery,  in  parts  br6cciated,  and  including  crystalline 
specks  of  carbonate  of  lime.  In  some  of  the  jaspery 
layers,  and  in  some  of  the  black  siliceous  slaty  bands, 
there  were  irregular  seams  of  imperfect  pitchstone, 
undoubtedly  of  metamorphic  origin,  and  other  seams  of 
brown,  crystalline  limestone.  Here,  also,  were  masses, 
externally  resembling  ill-preserved  silicified  wood. 

Fourthly  and  fifthly :  calcareous  pseudo-honestone ; 
and  a  thick  stratum  concealed  by  detritus. 

Sixthly :  a  thinly  stratified  mass  of  bright  green, 
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^■r.^  :  rhd  -jv  ':.r.-irz.  crAr^e  coos^M»erate,  300  to 
f  -f.;;'*:.  :'-7-r.'^i  :J::-fT  :f  f*^bfcta  of  porpfajries, 
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r«iia  :  tr.s;  opo>T  two  feet  »re  irenaewos  withoot 


,"f.Ij  ;  tc^  la.tr  ati'l  opperaaoet  strstnm  here 
'■A,  i-i  a  oiirf,p*-:t,  s'i"e-colocred  porphrry,  whli 
.;js  •:l;rp'/a'>si  crysrala  of  glassy  feldspar,  6t>m 
■I'i'i  {'•'■t  in  lhic5:ne-s:  it  liei  strictly  cooformably 
uri'i'TJjirig  COD ^'lome rate,  and  is  ODdoubtedly  & 
milK/iiirifK;  lava. 

'I'liin  (TT'-.at  pile  of  strata  has  been  broken  ap  in 
nm:rsi\  \i\ifJH  \>y  JntruMive  hillocks  of  parpln  clavstone 
(cirjiliyry,  and  by  diki-H  of  porphyritie  greenstone:  it  ia 
•iiiil  t.li!if   B    f'iw  pixir    metalliferoaa  veins   hare   been 
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discovered  here.  From  the  fasible  nature  imd  general 
appearance  of  the  finei^grained  strata,  they  probably 
owe  their  origin  (like  the  allied  beda  of  the  Uspallata 
range,  and  of  the  upper  Patagonian  Tertiary  formations), 
to  gentle  volcanic  eraptions,  and  to  the  abrasion  of 
volcanic  rocks.  Comparing  theaa  beds  with  those  in 
the  mining  district  of  Arqneros,  we  see  at  both  places 
rocks  easily  fusible,  of  the  same  peculiar  bright  green 
and  red  colours,  containing  calcareous  matter,  often 
'having  a  finely  brecciated  structure,  often  passing  into 
each  other  and  often  alternating  together:  hence  I 
cannot  doubt  that  the  only  diSerence  between  them, 
lies  in  the  Arqueroa  beds  having  been  more  metamor- 
phosed (in  conformity  with  their  more  dislocated  and 
injected  condition),  and  consequently  in  the  calcareons 
matter,  oxide  of  iron  and  green  colonring  matter,  having 
been  segregated  tinder  a  more  crystalline  form. 

The  strata  are  inclined,  as  before  stated,  from  20°  to 
SO"  eastward,  towards  an  irregular  north  and  south 
chain  of  andesitic  porphyry  and  of  porphyritio  green- 
stone, where  they  are  abruptly  out  o£F.  In  the  valley 
of  Coquimbo, '  near  to  the  H.  of  Guallignaca,  similar 
pintnnic  rocks  are  met  with,  apparently  a  southern 
prolongation  of  the  above  chain ;  and  eastward  of  it  we 
have  an  escarpment  of  the  porphyritic  conglomerate, 
with  the  strata  inclined  at  a  small  angle  eastward, 
wliich  makes  the  third  escarpment,  including  that 
nearest  the  coast.  Proceeding  np  the  valley  we  come 
to  another  north  and  south  line  of  granite,  andesite, 
and  blackish  porphyry,  which  seem  to  lie  in  an  irregular 
trough  of  the  porphyritic  conglomerate.  Again,  on  the 
Boufh  side  of  the  R.  Claro,  there  are  some  irregular 
granitic  hills,  which  have  thrown  off  the  strata  of  porphy- 
ritic conglomerate  to  the  N  W.  by  W. ;  bat  the  stratifica- 
tion here  has  been  much  diatnrbed.     I  did  not  proceed 


546  Coquimbo.  pam  n. 

any  furtHer  op  the  valley,  and  this  poiut  is  aboat  two- 
thirda  of  the  distauce  betwL'en  the  Pat-ific  aud  the 
main  Cordillera. 

I  win  doseribe  only  one  other  Bection,  namely,  on 
the  north  side  of  the  R.  Claro,  which  is  interesting 
from  containing  fossils:  the  strata  are  much  dislocated 
by  faults  and  dikes,  and  are.  inclined  to  the  north, 
towards  a  mountain  of  andesite  and  porphyry,  into 
which  they  appear  to  become  almost  blendod.  As  the 
beds  approach  this  mountain,  their  inclination  increases 
up  to  an  angle  of  70°,  and  in  the  npper  part,  the  rocks 
become  highly  metamorphosed.  The  lowest  bed  risible 
in  this  section,  is  a  piirpUab  hard  sandstone.  Secondly, 
a  bed  200  or  300  feet  thick,  of  a  white  siliceous  sand- 
stone, with  a  ealcareoaa  cement,  containing  seams  of 
sluty  sandstone, and  ofiiardyeilowish-brown  (doloiiiitic?) 
limestone;  numerous,  well-roanded,  little  pebbles  of 
quartz  are  included  in  the  sandstone.  Thirdly,  a  dark 
coloured  limestone  with  some  quartz  pebbles,  from  fifty 
to  sixty  feet  in  thickness,  containing  numerous  silicified 
shells,  presently  to  be  enumerated.  Fourthly,  very 
compact,  calcareous,  jaspery  sandstone,  passing  into 
(fifHiIy)  a  great  bed,  several  hundred  feet  thick,  of 
conglomerate,  composed  of  pebbles  of  white,  red,  and 
purple  porphyries,  of  sandstone  and  quartz,  cemented 
by  calcareous  matter.  I  observed  that  some  of  the 
finer  parts  of  this  conglomerate  were  much  indurated 
within  a  foot  of  a  dike  eight  feet  in  width,  and  were 
rendered  of  a  paler  colour  with  the  calcareous  matter 
segregated  into  white  crystallised  particles ;  some  parts 
were  stained  green  from  the  colouring  matter  of  the 
dike.  Sixthly,  a  thick  mass,  obscurely  stratified,  of  a 
red  sedimentary  stone  or  sandstone,  full  of  crystalline 
calcareous  matter,  imperfect  crystals  of  oxide  of  iron, 
and  I  believe  of  feldspar,  and  therefore  closely  resem- 
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bling  some  of  the  highly  metamorphosed  beds  at  Ar- 
queros :  this  bed  was  capped  by,  and  appeared  to  pass 
in  its  upper  part  into,  rocks  similarly  coloured,  con- 
taining calcareous  matter,  and  abounding  with  minute 
crystals,  mostly  elongated  and  glassy,  of  reddish  albite. 
Seventhly,  a  conformable  stratum  of  fine  reddish  por- 
phyry with  large  crystals  of  (albitic?)  feldspar;  pro- 
bably a  submarine  lava.  Eighthly,  another  conformable 
bed  of  green  porphyry,  with  specks  of  green  earth  and 
cream-coloured  crystals  of  feldspar.  I  believe  that 
there  are  other  superincumbent  crystalline  strata  and 
submarine  lavas,  but  I  had  not  time  to  examine  them. 

The  upper  beds  in  this  section  probably  correspond 
with  parts  of  the  great  gypseous  formation ;  and  the 
lower  beds  of  red  sandstone  conglomerate  and  fossili- 
ferous  limestone  no  doubt  are  the  equivalents  of  the 
Hippurite  stratum,  seen  in  descending  from  Arqueros 
to  Pluclaro,  which  there  lies  conformably  upon  the 
porphyritic  conglomerate  formation.  The  fossils  found 
in  the  third  bed,  consist  of — 

Pecten  Dufreynoyi,  d'Orbig.  *  Voyage,  Part.  Pal.' 

This  species,  which  occurs  here  in  vast  numbers,  according  t4> 
M.  d'Orbigny,  resembles  certain  cretaceous  forms. 

Ostrea  hemispherica,  d'Orbig.  *  Voyage,  &c.* 
Also  resembles,  according  to  the  same  author,  cretaceous  forms 

Terebratula  oenigma,  d'Orbig.  'Voyage,  &c.*  (Pi. 
XXII.  figs.  10-12),  and  Pi.  V.  figs.  10,  11,  12  of  this 

work. 

• 

Is  allied,  according  to  M.  d'Orbigny,  to  T.  concinna  from  the 
Forest  Marble.  A  series  of  this  species,  collected  in  several  localities' 
liereafter  to  be  referred  to,  has  been  laid  before  Prof.  E.  Forbes  ;  and 
he  informs  me  that  many  of  the  specimens  are  almost  undistinguish- 
able  from  our  oolitic  T.  tetraedra,  and  that  the  varieties  amongst  them 
are  such  as  are  found  in  that  variable  species.  Generally  speaking, 
the  American  specimens  of  T.  asnigma  may  be  distinguished  from  the 
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Torri^enA  A"^,  do.  do,  (Reorrtornaria  Hamt 
of  Von  Boch), 

Hippontn  Chflensii. 

Tic  ip«ciaeD9  of  tfcii  B  :r    -  -    I  coOedac 

flwvnt  ffi-^D  Anqn«nw,  art  '-r  -   i:  IL  d'Ot) 

NftatiloB  Domevkos,  d'Orbig.  do.  da 

Terebratala  eeoigma,  do.  do. 

Terebratala  ignaciana,  do.  do. 

ThUlnlMT«p«riemiM  found  by  M.  Dom«-ki>  fn  the  Fame  b 
llnwsMne  with  the  T.n^nigma.  AntMiding  to  M.  d'Oibigny, it 
nnar  (A  T,  omithnoephnU  rrom  tlie  Una.  A  series  uf  this  i 
oullvcUvl  at  Ona*'^  has  been  examined  bj  Pinf>s$oT  B- Porbc*.  I 
>bitj«thBt it  iidifB>:iiUt(idiatinguiib between  same  of  thespet 
nntlUii!  T.  hiwtAU  from  the  moniitain  liniestoQe:  and  that  it  ise 
iliniuull  to  drnwn  lino  betnrcca  iliem  and  sooieMEirlstoDeTeretx 
Wllh'iut  a  kocfXtiAge  of  the  inlcrDal  structure,  it  ia  impossi 
[irfiimt  tfidnciile  ua  Ibeir  identity  witli  analogous  Knropeaa  ) 

Thn  romtirka  given  on  the  several  foregoing  s 
nhijw   tliiit,   in   M.   d'Orbigny'a   opinion,   the    Pe 
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Ostrea,  Turritellii,  and  Hippurite  indicate  the  oretf^ 
ceous  period  ;  and  the  Grypluea  appears  to  Prof. 
Forbes  to  be  identical  with  a  species,  aasociated  in 
Southern  India  nith  anquestionablf  cretaceous  forma. 
Oq  the  other  hand,  the  two  Terebratalee  and  the  Spirifer 
point,  in  the  opinion  both  of  M,  d'Orbigny  and  Prof. 
Forbes,  to  the  oolitic  series.  Hence  M.  d'Orbigny,  not 
having  himself  examined  this  country,  has  conclnded 
that  there  are  here  two  distinct  formations;  but  the 
Spirifer  and  T.  asnigma  were  certainly  included  in 
the  same  bed  with  the  Pecten  and  Ostrea,  whence  I 
extracted  them ;  and  the  geologist  M.  Domeyko  sent 
home  the  two  TerebratalsB  with  the  other-named  shells, 
from  the  same  locality,  without  specifying  that  they 
came  from  different  beds.  Again,  as  we  shall  presently 
see,  in  a  collection  of  shells  given  me  from  Qnasco,  the 
same  species,  and  others  presenting  analogous  diiferences 
are  mingled  together,  and  are  in  the  same  condition ; 
and  lastly,  in  three  places  in  the  valley  of  Copiapo,  I 
found  some  of  these  same  species  similarly  gronpec). 
Hence  there  cannot  be  any  doubt,  highly  curione 
though  the  fact  be,  that  these  several  fossils,  namely, 
the  Hippurites,  Gryphiea,  Ostrea,  Pecten,  Tnrritella, 
Nautilus,  two  Terebratulffl,  and  Spirifer  all  belong  to 
the  same  formation,  which  would  appear  to  form  a 
passage  between  the  oolitic  and  cretaceoos  systems  of 
Europe,  Although  aware  how  unusual  the  term  must 
sound,  I  shall,  for  convenience  sake,  call  this  formation 
cretaceo-oolitic.  Comparing  the  sections  in  this  valley 
of  Coquimbo  with  those  in  the  Cordillera  described  in 
the  last  chapter,  and  bearing  in  mind  the  character  of 
the  beds  in  the  intermediate  district  of  Los  Homoa, 
there  is  certainly  a  close  general  minerological  resem- 
blance between  them,  both  in  the  underlying  porphy- 
ritic    conglomerate,   and    in   the   overlying   gypseous 
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fortnatioo.  Considering  this  resemblance,  and  that  the 
fossils  from  the  Puent«  del  Inca  at  the  base  of  the 
gypseoua  fprmation,  and  throughout  the  greater  part  (A 
ita  entire  thickness  on  the  Peuqtienes  range,  indicate 
the  Neocomian  period, — that  ia,  the  dawn  of  the  ere- 
taceona  system,  or,  as  some  hare  believed,  a  pnaaage  be- 
tween this  latter  and  the  oolitic  aeries — I  conclude  that 
probably  the  gypseous  and  associated  beds  in  all  the 
sections  hitherto  described,  belong  to  the  same  great 
formntion,  which  I  have  denominated— cretaceo-ooli tit.-. 
I  may  add,  before  leaving  Coquimbo,  that  M.  Gay  found 
in  the  neigbbouriog  Cordillera,  at  the  height  of  14,000 
feet  above  the  sea,  a  fossiliferoua  formation,  including  a 
Trigonia  and  Pholadomya ; ' — bolb  of  which  geuera 
occur  at  the  Puente  del  Inca. 

Ooquimho  to  Guasao. — The  rocka  near  the  coast, 
and  acme  way  inland,  do  not  differ  from  those  described 
northwards  of  Valparaiso :  we  have  much  greenstone, 
ayenite,  feldspathic  and  jaspery  slate,  and  grauwackea 
having  a  basis  like  that  of  citiystone ;  there  are  some 
large  tracts  of  granite,  in  which  the  constituent 
minerals  are  sometimes  arranged  in  folia,  thus  compos- 
ing an  imperfect  gneiss.  There  are  two  large  districts 
of  mica-schist,  passing  into  glossy  clay-slat*,  and  re- 
aembling  the  great  formation  in  the  Chonos  Archipelago. 
In  the  valley  of  Guasco,  an  escarpment  of  porphyritic 
conglomerate  is  first  aeen  high  np  the  valley,  about  two 
leagues  eastward  of  tlie  town  of  Ballenar.  I  heard  of  a 
great  gypseous  formation  in  the  Cordillera ;  and  a  col- 
lection of  shells  made  there  was  given  me.  These 
shells  are  all  in  the  same  condition,  and  appear  to  have 
come  from  the  same  bed :  they  consist  of — 

'  D'Orbignj, '  Vojage,  Part.  Qfolog,'  p.  2i2. 
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Turritella  Andii,  d'Orbig.  '  Voyage,  Part.  Pal.' 
Pecten  Dufreynoyi,         do. 
Terebratula  ignaciana,    do. 

The  relations  of  these  species  have  been  g^ven  under  the  head  of 
Coquimbo. 

Terebratula  BBnignia,  d'Orbig.  '  Voyage,  Part.  Pal.* 
(var.  E.  Forbes,  PI.  V.  figs.  13,  14). 

This  shell  M.  d'Orbigny  does  not  consider  identical  with  his  T. 
lenig-ma,  but  near  to  T.  obsoleta.  Professor  Forbes  thinks  that  it  is 
certainly  a  variety  of  T.  aenigni^a,  and  his  observations  on  this  species 
are  given  in  the  list  of  fossils  from  Coquimbo :  we  shall  meet  with 
this  variety  again  at  Copiapo. 

Spirifer  Chilensis,  E.  Forbes,  PI.  V.  figs.  15,  16. 

Profe.ssor  Forbes  remarks  that  this  fossil  resembles  several  oar^ 
boniferous  lime.stone  Spirifers ;  and  that  it  is  also  related  to  some 
liassic  species,  as  8.  Wolcotii. 

If  these  shells  had  been  examined  independently  of 
the  other  collections,  they  would  probably  have  been 
considered,  fi:om  the  characters  of  the  two  Terebratulae 
and  from  the  Spirifer,  as  oolitic ;  but  considering  that 
the  three  first  species,  and  according  to  Professor  Forbes, 
the  four  first,  are  identical  with  those  from  Coquimbo, 
the  two  formations  no  doubt  are  the  same,  and  may, 
as  I  have  said,  be  provisionally  called  cretaceo-oolitic. 

Valley  of  Copiapo, — The  journey  from  Guasco  to 
Copiapo,  owing  to  the  utterly  desert  nature  of  the 
country,  was  necessarily  so  hurried,  that  I  do  not  con- 
sider my  notes  worth  giving.  In  the  valley  of  Copiapo 
some  of  the  sections  are  very  interesting.  From  the 
sea  to  the  town  of  Copiapo,  a  distance  estimated  at 
thirty  miles,  the  mountains  are  composed  of  greenstone, 
granite,  andesite,  and  blackish  porphyry,  together  with 
some  dusky-green  feldspathic  rocks,  which  I  believe  to 
be  altered  clay-slate:  these  mountains  are  crossed  by 
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many  brown -col  on  red  dikes,  rnnning  north  and  south. 
Above  the  town,  the  main  valley  runs  in  a  south-east 
and  even  more  southerly  coarse  towards  the  Cordillera, 
where  it  ia  divided  into  three  great  ravines,  by  the 
northern  one  of  which,  call  Jolqiiera,  I  penetrated  for  a 
short  distance.  The  coloared  section,  fig.  3  in  Plate  I., 
gives  au  eye-sketch  of  the  etructnre  and  coin  position 
of  the  moimtaine  on  both  sides  of  this  valley  :  a  straight 
east  and  west  liue  from  tbe  town  to  the  Cordillera  is 
perhaps  not  more  than  thirty  miles,  bat  along  the 
valley  the  distance  ia  much  greater.  Wherever  the 
valley  trended  very  soatherly,  I  have  endeavoured  to 
contract  the  section  into  its  tnie  proportion.  This 
valley,  I  may  add,  rises  much  more  gently  than  any 
ot.her  valley  which  I  saw  in  Chile. 

To  commence  with  our  section,  for  a  short  distance 
above  the  town  we  have  hills  of  the  granitic  series, 
together  with  acme  of  that  rock  [A],  which  I  suspect  to 
be  altered  clay-slate,  but  which  Prof.  G.  Rose,  judg- 
ing from  specimens  collected  by  Meyen  at  P.  Negro, 
states  is  serpentine  passing  into  greenstone.  We  then 
come  suddenly  to  the  great  Gypseous  formation  [BJ 
without  having  passed  over,  differently  from  in  all  the 
sections  hitherto  described,  any  of  the  porphyritic  con* 
glomerate.  The  strata  are  at  first  either  horizontal  or 
gently  inclined  westward  ;  then  highly  inclined  in 
various  directions,  and  contorted  by  underlying  masses 
of  intmsive  rocks  ;  and  lastly,  they  have  a  regular  east- 
ward dip,  and  form  a  tolerably  well  pronounced  north 
and  south  line  of  hills.  This  formation  consists  of 
thin  strata,  with  innumerable  alternations,  of  black, 
calcareous  slate-rock,  of  calcareo-aluminous  stones  like 
those  at  Coquimbo,  which  I  have  called  pseudo-hone- 
Htones,  of  green  jaspery  layers,  and  of  pale-purplish 
calcareous,  soft  rottenstone,  including  seams  and  veins 
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of  g3^uTii.  These  struta  are  conformably  overlud  by  a 
great  tlticknesa  of  thinly  stratified,  compact  limestone 
with  included  crystals  of  carbonate  of  lime.  At  a  place 
called  Tierra  Amarilla,  at  the  foot  of  a  monntain  thta 
composed,  there  is  a  broad  vein,  or  perhaps  stratum,  of 
a  beautiful  and  corious  crystallised  mixture,  composed, 
according  to  Prof.  G.  Rose,'  of  sulphate  of  iron  nnder 
two  forms,  and  of  the  salphatee  of  copper  and  alumina ; 
the  section  is  so  obecare  that  I  coold  not  make  out 
whether  this  vein  or  stratum  occurred  in  the  gypseous 
formation,  or  more  probably  in  some  nnderlying  maasea 
£A],  which  I  believe  are  altered  clay-slate. 

Second  Axis  of  Elevation. — After  the  gypseona 
masses  [B],  we  come  to  a  line  of  hills  of  nnstratified 
porphyry  [C],  which  on  their  eastern  side  blend  into 
strata  of  great  thickaese  of  porphyritic  coDglomerate, 
dipping  eastward.  This  latter  formation,  however,  here 
has  not  been  nearly  so  much  metamorphosed  as  in  most 
parts  of  centra)  Chile ;  it  is  composed  of  beds  of  true 
pnrple  claystone  porphyry,  repeatedly  alternating  with 
thick  beds  of  parpliah-red  conglomerate  with  the  well- 
roanded,  large  pebbles  of  various  porphyries,  not  blended 
together. 

Tkird  Axis  of  Elevation. — Near  the  ravine  of  Los  " 
Homitos,  there  is  a  well-marked  line  of  elevation, 
extending  for  many  miles  in  a  NNE.  and  SSW.  direo^ 
tiou,  with  the  strata  dipping  in  most  parts  (as  in  the 
second  axis)  only  in  one  direction,  namely,  eastward  at 
an  average  angle  of  between  80°  and  40".  Close  to  the 
mouth  of  the  valley,  however,  there  is,  aa  represented 
in  the  section,  a  steep  and  high  mountain  [T)],  composed 
of  various  green  and  brown  intrusive  porphyries  en- 
veloped with  strata,  apparently  belonging  to  the  upper 
parte  of  the  porphyritic  conglomerate,  and  dipping 
■  Ueyeo'i '  Relie,'  *o.  Tti.  1. 1.  894. 
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both  eastward  and  westward.  I  will  describe  the 
section  seen  on  tlie  eastern  side  of  tiia  mountain  [DJ, 
beginniog  at  the  base  with  the  lowest  bed  visible  ia 
the  porphyritic  conglomerate,  and  proceeding  upwards 
through  the  gypseous  formation.  Bed  (1)  consists  of 
reddish  and  brownish  porphyry  varying  in  character, 
and  in  many  parts  highly  amygdaloidal  with  carbonate 
of  lime,  and  with  bright  green  and  brown  bote,  Ita 
upper  aorface  ia  throughout  clearly  defined,  but  the 
lower  surface  is  in  most  parts  indistinct,  and  towarda 
the  aammit  of  the  mountain  [D]  quite  blended  into 
the  intrusive  porphyries.  Bed  (2),  a  pale  lilacj  hard 
but  not  heavy  stone,  slightly  laminated,  including  amall 
extraueous  fragmeots,  and  imperfect  as  well  as  some 
perfect  and  glassy  crystals  of  feldspar;  from  150  to 
200  feet  in  thickness.  When  exiimioing  it  in  sHv, 
I  thought  it  was  certainly  a  true  porphyry,  but  my 
specimens  now  lead  me  to  suspect  that  it  possibly  ntay 
be  a  metamorphosed  tuff.  From  its  colour  it  could  be 
traced  for  a  long  distance,  overlying  in  one  part,  quite 
conformably  to  the  porphyry  of  bed  1,  and  in  another 
not  distant  part,  a  very  thick  mass  of  conglomerate, 
composed  of  pebbles  of  a  porphyry  chiefly  like  that  of 
■  bed  1 :  this  fact  shows  how  the  nuture  of  the  bottom 
formerly  varied  in  short  horizontal  distances.  Bed  (3), 
white,  much  indurated  tuff,  containing  minute  pebbles, 
broken  crystals,  and  scales  of  mica,  varies  much  in 
thickness.  This  bed  is  remarkable  from  containing 
many  globular  and  pear-shaped,  externally  rusty  balls, 
from  the  size  of  an  apple  to  a  man's  head,  of  very 
tongh,  si  ate -colon  red  porphyry,  with  imperfect  crystals 
of  feldspar :  in  shape  these  balls  do  not  resemble  pebbles, 
and,  I  believe  that  they  are  subaqueous  volcanic  boTnbs ; 
they  differ  from  euhaSi-ial  bombs  only  in  nob  being 
vesicular.     Bed  (4),  a  dnll  purplish-red,  hard  conglo- 
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merate,  with  crystallised  particles  and  veins  of  carbonate 
of  lime,  from  300  to  400  feet  in  thickness.  The 
pebbles  are  of  clnystone  porphyriea  of  many  rarieties ; 
they  are  tolerably  well  roanded,  and  vary  in  size  from 
a  large  apple  to  a  man's  head.  This  bed  includes 
three  layers  of  coarse,  black,  calcareous,  somewhat 
slaty  rock ;  the  tipper  part  passes  into  a  compact  red 
sandstone. 

In  a  formntion  so  highly  variable  In  mineralogical 
nature,  any  division  not  founded  on  fossil  remains, 
must  be  extremely  arbitrary :  nevertheless,  the  beds 
below  the  last  conglomerate  may,  in  accordaiice  with 
all  the  sections  hitherto  described,  be  considered  as 
belonging  to  the  porphyritic  conglomerate,  and  those 
above  it  to  the  gypseous  formation,  marked  [E]  in  the 
section.  The  part  of  the  valley  in  which  the  following 
beds  are  seen  is  near  Potrero  Seco.  Bed  (5),  compact, 
fine-grained,  pale  greenish-gray,  non-calcareous,  indu- 
rated mudstone,  easily  fusible  into  a  pale  green  and 
white  glass.  Bed  (6),  puq>lish,  coarse-grained,  hard 
sandstone,  with  broken  crystals  of  feldspar  and  crystal- 
lised particles  of  carbonate  of  lime ;  it  possesses  a 
slightly  nodular  structure.  Bed  (7),  blackish-gray, 
much  indurated,  calcareous  mudstone,  with  extraneous 
particles  of  unequal  size ;  the  whole  being  in  parts 
finely  brecciated.  In  this  mass  there  is  a  stratum,  twenty 
feet  in  thickness,  of  impure  gypsum.  Bed  (8),  a 
greenish  mudstone,  with  several  layeraof  gypsum.  Bed 
(9),  a  highly  indurated,  easily  fusible,  white  tuff,  thickly 
mottled  with  ferruginous  matter,  and  including  some 
white  semi-porcellanic  layers,  which  are  interlaced  with 
ferruginous  veins.  This  stone  closely  resembles  some 
of  the  commonest  varieties  in  the  Uspallata  chain. 
Bed  (10),  a  thick  bed  of  rattier  bright  green,  indurated 
mudstone  or  tuff,  with  a  concretionary  nodular  stmctnre 
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BO  strongly  developed  that  the  whole  mass  consists  of 
balls.  I  will  not  attempt  to  estimate  the  thickness  of 
the  strata  in  the  gypseous  formation  hitherto  described, 
but  it  most  cert«inly  be  very  many  hundred  feet.  Bed 
(II)  is  at  least  800  feet  in  thickness:  it  consists  of  thia 
Injere  of  whitish,  greenish,  or  mora  commonly  brown, 
fine-grained  indurated  tuffs,  which  crumble  intoangnlar 
fragnients  :  some  of  the  layers  are  semi-porcellanic, 
miiny  of  them  highly  ferruginous,  and  some  are  almost 
composed  of  carbonate  of  lime  and  iron  with  drusy 
cavities  lined  with  quartz-crystals,  Bed  (12),  doll  pur- 
plish or  greenish  or  dark-gray,  very  compact  and  mncli 
indurated  mudstone :  estimated  at  1,600  feet  in  thick- 
ness: in  some  parta  thia  rock  assumes  the  character  of 
an  imperfect  coiirse  clay-slat*;  but  viewed  under  olene, 
the  basis  always  has  a  mottled  appearance,  with  the 
edges  of  the  minute  component  particles  blending  to- 
gether. Part^  are  calcareous,  and  there  are  numerous 
veins  of  highly  crystalline  carbonate  of  lime  charged 
with  iron.  The  mass  has  a  nodular  structure,  and  is 
divided  by  only  a  few  planes  of  stratification :  there 
are,  however,  two  layers,  each  about  eighteen  inches 
thick,  of  a  dark  brown,  finer-grained  stone,  having  a 
conchoidal,  semi-porcellanic  fracture,  which  can  be 
followed  with  the  eye  for  some  miles  across  the  country. 
I  believe  this  last  great  bed  is  covered  by  other 
nearly  similar  alternations  ;  but  the  section  is  here 
obscured  by  a  tilt  from  the  next  porphyritic  cbain, 
presently  to  be  described.  I  have  given  this  section  in 
detail,  as  being  illustrative  of  the  general  character  of 
the  mountains  in  this  neighbourhood  ;  but  it  most  not 
be  supposed  that  any  one  stratum  long  preserves  the 
flame  character.  At  a  distance  of  between  only  two  and 
tiiree  miles,  the  green  mudatones  and  white  indurated 
tufis  are  to  a  great  extent  replaced  by  red  sandstoDO 
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and  binck  cnloareoas  shaly  rocks,  alternating  together. 
The  white  indurated  tnff,  bed  (11),  here  contains  liltle 
or  no  gypsnm,  whereas  on  the  northern  and  opposite 
Bide  of  the  valley,  it  is  of  much  greater  thickneBg  and 
aboands  with  layers  of  gypsnm,  some  of  them  alterna- 
ting with  thin  seams  of  crystalline  carbonate  of  lime. 
The  uppermost,  dark  coloured,  hard  mndstone  {bed  12) 
is  in  this  neighbonrhood  the  most  constant  stratnm. 
The  whole  series  differs  to  a  considerable  extent, 
especially  in  its  npper  part,  from  that  met  with  at 
[B  B],  in  the  lower  part  of  the  valley ;  nevertheless,  I 
do  not  donbt  that  they  are  equivalents. 

Fourth  AxU  of  Elevation  (Valley  of  Oopiapo). — 
This  axis  is  formed  of  a  chain  of  mountains  [F],  of 
which  the  central  masses  (near  La  Pnnta)  consist  of 
andesite  containing  green  hornblende  and  coppery  mica, 
and  the  onter  masses  of  greenish  and  black  porphyri<'S, 
together  with  some  fine  lilacMioIonred  clay-stone  por- 
phyry ;  all  these  porphyries  being  injected  and  broken 
np  by  small  hammocks  of  andesite.  The  central  great 
mass  of  this  latter  rock,  is  covered  on  the  eastern  side 
by  a  black,  fine-grained,  highly  micaceous  slate,  which, 
together  with  the  succeeding  mountains  of  porphyry, 
are  traversed  by  numerous  white  dikes,  branching  from 
the  andesite,  and  some  of  them  extending  in  straight 
lines,  to  a  distance  of  at  least  two  miles.  The  monntains 
of  porphyry  eastward  of  the  micaceous  schist  soon,  but 
gradually,  assume  (as  observed  in  so  many  other  cases) 
a  stratified  stmctare,  and  can  then  be  recognised  as  a 
part  of  the  porphyritic  conglomerate  formation.  These 
strata  [G]  are  inclined  at  a  high  angle  to  the  SE.,  and 
form  a  mass  from  1,500  to  2,000  feet  in  thickness. 
The  gypseous  masses  to  the  wett  already  described,  dip 
directly  towards  this  fxis,  with  the  strata  only  in  a  few 
places  (one  of  which   is  represented  in   the  section) 
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thrown  &om  it ;  hence  this  foartli  axis  ia  a 
QDiclinal  towards  the  SE.,  and  just  like  oar  thirdh 
only  locally  anticlinal. 

The  ftbove  strata  of  porphyritic  conglomorota 
with  their  soolh-eaatward  dip,  come  abruptly  up  ag 
beds  of  the  gypseous  formation  [H],  which  are  ga 
but  irregularly,  inclined  westward :  so  that  the 
here  a  synclinal  axta  and  great  fault.  Fartlif^r  □] 
valley,  here  vunning  nearly  north  and  Bouth,  the  g] 
0118  formation  ia  prolonged  for  some  distance;  boi 
Btrutification  is  uniutelligible,  the  whole  being  bf 
np  by  faults,  dikes,  and  metalliferouB  veins.  The  s 
consist  chiefly  of  red  calcareous  sandstones,  with  ni 
rons  veins,  in  the  place  of  layers,  of  gypsam ;  the  a 
stone  is  associated  with  some  blnck  calcareons  slato-l 
and  with  green  psendo-honestones,  passing  into  pi 
liiiii-jnspor.  Still  farther  up  the  valley,  near  Las  A 
lanas  [I],  the  gyps^coua  strata  become  more  rt-pf 
dipping  at  nn  angle  of  between  30°  and  40°  to  WS 
and  conformably  overljiug,  near  the  mouth  of  the  ra 
of  Jolquera,  striita  [K]  of  porphyritic  conglomerate, 
whole  series  has  been  tilted  by  a  partially  conce 
axis  [L],  of  granite,  andesite,  and  a  granitic  mix 
of  white  feldspar,  qnartz,  and  oxide  of  iron. 

MJUi  Axis  of  Eleiaiion  (VnlJe;/  of  Copiapo,  i 
Tiaa  Amolanas). — I  will  describe  in  some  detail 
beds  p]  seen  here,  which,  as  just  staled,  dip  to  WS 
at  an  angle  of  from  30°  to  40°,  I  had  not  tim' 
examine  the  underlying  porpljyritic  conglomerate 
which  (he  lowest  beds,  as  seen  at  the  mouth  of 
Joltjnera,  are  highly  compact,  with  crystals  of  red  o; 
of  iron ;  and  I  am  not  prejiared  to  say  whether  1 
are  chiefly  of  volcnnic  or  metamorphic  origin, 
these  beds  there  reels  a  coarse  purplish  conglomai 
very    little   metamorphosed,  composed   of  pebblee 
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porphyry,  but  remarkable  from  containing  one  pebble 
of  granite ; — of  which  fact  no  inatance  has  occurred  in 
the  sections  hitherto  described.  Above  this  conglome- 
rate, there  ie  a  black  siliceons  dny-Btone,  and  above  it 
nnmerons  alternations  of  dark-purplish  and  green  por- 
phyries, which  may  be  considered  as  the  uppermost 
limit  of  the  porphyritic  conglomerate  formation. 

Above  these  porphyries  comes  a  coarse,  arenaceons 
conglomerate,  the  lower  half  white  and  the  upper  half 
of  a  pink  colour,  composed  chiefly  of  pebbles  of  varions 
porphyries,  but  with  some  of  red  sandstone  and  jaspery 
rocks.  In  some  of  the  more  arenaceous  parts  of  the 
conglomerate,  there  was  an  oblique  or  current  lamina- 
tion ;  a  circumstance  which  I  did  not  elsewhere  observe. 
Above  this  conglomerate,  there  is  a  vast  thickness  of 
thinly  stratified,  pale-yellowish,  siliceous  sandstone, 
passing  into  a  granular  quartz-rock,  used  for  grindstones 
(hence  the  name  of  the  place  Las  Amolanas),  and 
certainly  belonging  to  the  gypseous  formation,  as  does 
probably  the  immediately  underlying  conglomerate. 
In  this  yellowish  sandstone  there  are  layers  of  white 
and  pale-red  siliceons  conglomerate  ;  other  layers  with 
small,  well-rounded  pebbles  of  white  quartz,  like  the 
bed  at  the  R.  Claro  at  Coquimbo ;  others  of  a  greenish, 
fine-grained,  less  siliceons  stone,  somewhat  resembling 
the  pa  eu  do-hone  stones  lower  down  the  valley ;  and 
lastly,  otiiers  of  a  black  calcareous  shale-rock.  In  one 
of  the  layers  of  conglomerate,  there  was  embedded  a 
fragment  of  mica-elate,  of  which  this  is  the  first  instance ; 
hence,  perhaps,  it  is  fjom  a  formation  of  mica-slate, 
that  the  numerous  small  pebbles  of  quartz,  both  here 
and  at  Coquimbo,  have  been  derived.  Not  only  does 
the  siliceous  sandstone  include  layei^  of  the  black, 
thinly  stratified,  not  fissile,  calcareous  shale-rock,  bnfe 
in  one  place  the  whole  mass,  especially  the  upper  part, 
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was,  in  a  marvellously  sliorb  horizontal  distance,  after 
fi-eqnent  alternations,  replaced  by  it.  When  tliis 
occurred,  a  moimtain-inaas,  several  thousand  feet  in 
thicknesB,  was  thns  composed  ;  the  black  calaireoua 
Bhale-rock,  however,  always  included  some  layers  of  the 
pali-yellowish  siliceous  sandstone,  of  the  red  conglome- 
rate, and  of  the  greenish  jaspery  and  psendo-honestone 
varieties.  It  likewise  included  three  or  four  widely 
Bepurated  layers  of  a  brown  limestone,  abounding  with 
shells  immediately  to  be  described.  This  pile  of  strata 
was  in  parts  traversed  by  many  veins  of  gypsum.  The 
calcareous  shale-rock,  though  when  freshly  broken  quite 
black,  weathers  into  an  ash-colour;  in  which  respect 
and  in  general  appearance,  it  perfectly  resembles  those 
great  foasiliferous  beds  of  the  Penquenes  range,  alterna- 
ting with  gypsum  and  red  sandstone,  described  in  the 
last  chapter. 

The  shells  out  of  the  layers  of  brown  limeatone,  in- 
cluded in  the  black  calcareous  shale-rock,  which  latter, 
as  just  stated,  replaces  the  white  siliceous  sandstone, 
consist  of — 

Pecten  Dufreynoyi,  d'Orbig,  '  Voyage,  Part.  Pal.' 
Turritella  Andii,  do. 
BelatioDB  given  id  the  list  from  Coquimbo. 

Astart«  Darwinii,  E.  Forbes,  PI.  V".  figs.  22,  23. 
Grypha^a  Darwinii,  do.  PI.  V.  fig.  7. 
Ad  intctniedlate  form  between  Q.  gigoatea  and  O.  incurva. 

Grypha^a,  nov.  spec.  ?  do,  PI,  V.  figs,  8  and  9. 
Perna  Americana,  do.  PI,  V,  figs.  4,  S,  6. 
Avicula,  nov.  spec. 

Considered  by  Mr.  G.  B.  Sowerby  as  tie  A,  echinita,  by  M. 
d'Orbiguy  as  certaioly  a  new  and  distioct  spcoies,  haviog  a  jtuasiia 
aspect.    1  he  Bpeoimea  has  been  nnfortimalely  lost. 
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Terebratula  tenigma,  d'Orbig.  (var.  of  do.  E.  Forbes, 
PI.  V.  figB.  13,  14). 

This  IB  tlie  same  variety,  with  tbat  from  Guaseo,  cooaidered  b; 
&1.  d'Orbig;  to  be  a  distinct  species  bvm  hii  T.  nnignia,  end  related 
to  T.  ob3ol«ta. 

Plagioatoma  and  AmDaooites,  fragments  of. 

The  lower  layers  of  the  limestone  contained  thon- 
eands  of  the  Gryphteaj  and  the  npper  ones  as  many 
of  the  Turriteila,  with  the  Gryphsea  (nov.  spec.)  and 
Serpulse  adhering  to  them ;  in  all  the  layers,  the  Tere- 
bratula and  fragments  of  the  Pecten  were  included. 
It  was  evident,  from  the  manner  in  which  the  species 
were  grouped  together,  that  they  had  lived  where  now 
embedded.  Before  making  any  further  remarks,  I  may 
state,  that  higher  up  this  same  valley  we  shall  again 
meet  with  s  similar  aBsociatioii  of  shells ;  and  in  the 
great  Despoblado  Valley,  which  branches  oflF  near  the 
town  from  that  of  Copiapo,  the  Pecten  Dcfreynoyi, 
some  Gryphites  (1  believe  G.  Darwinii),  and  the  imie 
Terebratula  tenigma  of  d'Orbigny  were  found  together 
in  an  equivalent  formation  as  will  be  hereafter  seen. 
A  specimen  also,  I  may  add,  of  the  true  T.  tenigma, 
was  given  me  from  the  neighbourhood  of  the  famous 
silver  mines  of  Chanuncillo,  a  little  south  of  the  valley 
of  Copiapo,  and  these  mines,  irom  their  posit'oa,  I  have 
no  doubt,  He  within  the  great  gypseous  formation :  the 
rocks  close  to  one  of  the  silver  veins,  judging  from 
fragments  shown  me,  resemble  those  singular  meta- 
morphosed  deposits  from  the  mining  district  of  Arqueros 
near  Coqnimbo. 

I  will  reiterate  the  evidence  on  the  association  of 
these  several  sbellB  in  the  several  localities. 


Peclen  Duf  reyaoyl       i 

Osttva  hciiiispbcrica    | 
Terebra'uln  iBnigms 
Bpiriler  ILoKniferoidesJ 


In  the  E>me  bed,  Kio  Qaro. 


Teiebr&tala  RinigmB    )  in  mne  block 

iguaciaoaj   oflimesWne.    [  collected  byM  Oomeyko 

Puotan  Dufreynoyi  trouithe  r^ame  Iwality, 

Omrea  l.cini.-plieric*  V    apparently  iieai4r.ino- 

Hlpporilce  Cuileiiua  ' 

TorritelU  Audi! 
HsutUus  Domaykiia 


Penten  Dofreync^ 
Tnrritella  Andii 
leiebratulB  i^naoiaiiB 


a  •  collectaon  from  the  Cordillera, 
^ven  mo:  lbs  Bpeutmeaa  all  to  tbe 
earns  condition. 


Copiapo. 


Peoten  Dufreynoyi 
Turritella  Aiiiiii 
Tcretiraliila  aiiipma,  car.  a 
Asturlc  Darwliiii 
Qrypha^  Dartviiiii 

Pema  Americana 
Avicala,  nov.  spec 

Terebratula  lenigma  (Lrae)    -I 

Ttrebratula  fenigma  (trui 
Pecten  Dufreynoyi 
GrypliHza  Darainiit 


Mingled  together  In  aller- 
natinjj  beds  in  tbe  main 
valley  of  Copiapo  near 
Las  Amolanaa.  and  like- 
wise highei  up  the  ralley. 


(In  the  EHme  bed.  bigfa  np  the  great 
lateral  valley  of  tbe  Despoblado, 
la  tht  raviue  of  Matioongo, 


Considering  this  table,  I  think  it  is  impossible  to 
doubt  that  all  these  Fossils  belong  to  the  same  formation. 
If,  however,  the  species  from  Laa  Amolaiias,  in  the 
Valley  of  Copiapo,  had,  as  in  the  case  of  those  from 
Guasco,  been  s«|)anitely  examined,  they  would  probably 
have  been  ranked  as  oolitic ;  for,  although  no  Spirifera 
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were  foand  here,  all  the  other  species,  with  the  excep- 
tioa  of  the  Pectea,  Tarritello,  aod  Astarte,  have  a  more 
aDcieat  aspect  than  cretaceous  forma.  On  the  other 
hand,  taking  into  account  the  evidence  derived  from 
the  cretaceoas  character  of  these  three  shells,  and  of 
the  Hipparites,  Gryphsea  orientalia,  and  Ostrea,  from 
Coquimbo,  we  are  driven  back  to  the  provisional  name 
already  ased  of  cretaceo-oolitic.  From  geological 
evidence,  I  believe  this  formation  to  be  the  eqaiva- 
lent  of  the  Neocomian  beds  of  the  CorJillera  of  Central 
Chile. 

To  retam  to  our  section  near  Laa  Amolanas : — 
Above  the  yellow  siliceooB  sandstone,  or  the  equivalent 
ealcareoua  slate-rock,  with  its  bands  of  foaul-shells, 
according  as  the  one  or  the  other  prevails,  there  is 
a  pile  of  strata,  which  cannot  be  less  than  from  2,000 
to  3,000  feet  in  thickness,  in  main  part  composed  of 
a  coarse,  bright,  red  conglomerate,  with  many  inter- 
calated beds  of  red  eandfitone,  and  some  of  green  and 
other  coloured  porcelain- jaspery  layers.  The  included 
pebbles  are  well  rounded,  varying  from  the  size  of  an 
egg  to  that  of  a  cricket-ball,  with  a  few  larger;  and 
they  consist  chiefly  of  porphyries.  The  basis  of  the 
conglomerate,  as  well  as  some  of  the  alternating  thin 
beds,  are  formed  of  a  red,  rather  harsh,  easily  fusible 
sandstone,  with  crystalline  calcareous  particles.  This 
whole  great  pile  is  remarkable  £rom  the  thousands  of 
huge,  embedded,  ulicufied  trunks  of  trees,  one  of  which 
was  eight  feet  long,  and  another  eighteen  feet  in  cir* 
cumference :  how  marvellous  it  is,  that  ever;  vessel  in 
so  thick  a  mass  of  wood  should  have  been  converted 
into  silex!  I  brought  home  many  specimens,  and  all  of 
them,  according  to  Mr.  B.  Brown,  present  a  coniferons- 
etructnre. 

Above  this  great  ctmglomerate,  we  have  from  200  to 


300  feet  in  thickness  of  red  sandstone ;  and  above  this, 
&  stratum  of  bla^k  calcareous  slate-rock,  like  that 
which  altenistc'3  with  and  replaces  the  onderljiog 
yellowish  white,  siliceoos  sandstone.  Close  a>  the 
junction  between  this  npper  black  slate-rock  and  the 
npper  red  sindstono,  I  found  the  OrypkcBa  Darwinii, 
ihaTiirrilella  Andii,  and  vast  numbers  of  a  bivalve, 
too  imperfect  to  be  recognised.  Hence  we  see  that,  as 
far  sfi  the  evidence  of  these  two  shells  serves — and  the 
Turritella  is  an  eminently  characteristic  species — the 
whole  thickness  of  this  vast  pile  of  strata  belongs  to 
the  same  age.  Again,  above  the  lost-mentioned  apper 
red  sandstone,  there  were  several  alternations  of  the 
black,  calcareous  slate-rock  ;  but  I  was  unable  to  ascend 
to  them.  All  these  uppermost  strata,  like  the  lower  ones, 
vary  extremely  in  character  in  short  horiKOntii!  distances. 
The  gypseous  formation,  as  here  seen,  has  a  coarser, 
more  mechanical  texture,  and  contains  mnch  more 
siliceous  matter  than  the  corresponding  beds  lower 
down  the  valley.  Its  total  thickness,  together  with  the 
npper  beds  of  the  porpbyritic  conglomerate,  I  estimated 
at  least  at  8,000  feet ;  and  only  a  small  portion  of  the 
porpbyritic  conglomerate,  which  on  the  eastern  flank  of 
the  fourth  axis  of  elevation  appeared  to  be  from  1,500 
to  2,000  feet  thick,  is  here  included  As  corroborative 
of  the  great  thickness  of  the  gypseous  formation,  I 
may  mention  (hat  in  the  Despoblado  Valley  (which 
branches  from  the  main  valley  a  little  above  the  town 
of  Copiapo)  I  found  a  corresponding  pile  of  red  and 
white  sandstones,  and  of  dark,  calcareous,  semi-jaspery 
mudstones,  rising  from  a  nearly  level  surface  and 
thrown  into  an  absolutely  vertical  position ;  so  that,  by 
pacing,  I  ascertained  their  thickness  to  be  nearly  2,700 
feet ;  taking  this  as  a  standard  of  comparison,  I  esti- 
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iiiate<3  the  thickness  of  the  strata  tAove  the  porphyritio 
conglomerate  at  7,000  feet. 

The  fossil?  before  enumerated,  from  the  limestone- 
layers  in  the  whitish  siliceons  sandstone,  are  now 
covered,  on  the  least  computation,  by  strata  from  5,000 
to  6,000  feet  in  thickness.  Professor  E.  Forbes  thinks 
that  these  shells  probably  lived  at  a  deptb  of  from  about 
thirty  to  forty  fathoms,  that  is  from  180  to  240  feet; 
anyhow,  it  is  impossible  that  they  could  have  lived  at 
the  depth  of  from  5,000  to  6,000  feet.  Hence  in  this 
case,  as  in  that  of  the  Pnente  del  Inca,  we  may  safely 
conclnde  that  the  bottom  of  the  sea  on  which  the  shells 
lived,  subsided,  so  as  to  receive  the  snperincambent 
submarine  strata :  and  this  subsidence  must  have  taken 
place  during  the  existence  of  these  shells ;  for,  as  I 
hare  shown,  some  of  them  occur  high  np  as  well  as  low 
down  in  the  series.  That  the  bottom  of  the  sea  sub- 
sided, is  in  harmony  with  the  presence  of  the  layers  of 
coarse  well-rounded  pebbles  included  throughout  t^ia 
whole  pile  of  strata,  as  well  as  of  the  great  upper  mass 
of  conglomerate  from  2,000  to  3,000  feet  thick ;  for 
coarse  gravel  could  hardly  have  been  formed  or  spread 
out  at  the  profound  depths  indicated  by  the  thickness 
of  the  strata.  The  snbsidence,  also,  must  have  been 
slow  to  have  allowed  of  this  often-recuirent  spreading 
out  of  the  pebbles.  Moreover,  we  shall  presently  see 
that  the  surfaces  of  some  of  the  streams  of  porphyritio 
lava  beneath  the  gypseous  formation,  are  so  highly 
amygdaloidal  that  it  is  scarcely  possible  to  believe  that 
they  flowed  under  the  vast  pressure  of  a  deep  ocean. 
The  conclusion  of  a  great  subsidence  during  the  exist- 
ence of  these  cretaceo-oolitic  fossils,  may,  I  believe, 
be  extended  to  the  district  of  Coquimbo,  although 
owing  to  the  fossiliferons  beds  there  not  being  direct^ 


566  Valley  of  Copiapo.  past  n. 

covered  by  the  npper  gypseous  strata,  which  in  tha 
section  Dorth  of  the  valley  are  about  6,000  feet  in  thick- 
ness, I  did  not  there  ioalst  on  this  conclusion. 

The  pebbles  in  the  above  conglomerates,  both  in 
the  upper  aud  lower  beds,  are  all  well  rounded;  and, 
though  chiefly  composed  of  varioos  porphyries,  there 
are  some  of  red  saudstone  nnd  of  a  jagpery  stone,  both 
like  the  rocks  intercalated  in  layers  in  this  same 
gypseous  formation  ;  there  was  one  pebble  of  mica-slate 
and  some  of  quartz,  together  with  many  particles  of 
quartz.  In  these  respects  there  is  a  wide  difference 
between  the  gypseous  conglomerates  and  those  of  the 
porphyri  tic- con  glomerate  forlaation,  in  which  latter, 
angular  and  rounded  fragments,  almost  exclusively 
composed  of  porphyries,  are  mingled  together,  and 
which,  as  already  oflen  remarked,  probiibly  were  ejc-cted 
irom  craters  deep  under  the  sea.  From  these  facts  I 
conclude,  that  during  the  formation  of  the  conglome- 
rates, land  existed  in  the  neighbourhood,  on  the  shores 
of  which  the  innumerable  pebbles  were  rounded  and 
thence  dispersed,  and  on  which  the  coniferous  forests 
fiouriehed — for  it  is  improbable  that  so  many  thousand 
logs  of  wood  should  have  been  drifted  from  any  great 
distance.  This  laud,  probably  islands,  must  have  been 
mainly  formed  of  porphyries,  with  some  micft-slat«, 
whence  the  quartz  was  derived,  and  with  some  red  sand- 
stone and  Jaspery  rocks.  This  latter  fact  is  important, 
as  it  shows  that  in  this  district,  even  previously  to  the 
deposition  of  the  lower  gypseous  or  cretaceo-oolitic  beds, 
strata  of  an  analogous  nature  had  elsewhere,  no  doubt 
in  the  more  central  ranges  of  the  Cordillera,  been 
elevated  \  thus  recalling  to  onr  minds  the  relations  oi 
Uie  Cumbre  and  Uspallata  chains.  Having  already 
referred  to  the  great  lateral  valley  of  the  Despoblado, 
I  may  mention  that  above  the  2,700  feet  of  red  and 
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white  sandstone  and  dark  madstone,  there  is  a  vast 
mass  of  coarse,  hard,  red  conglomerate,  some  thousand 
feet  in  thicknesa,  which  cootains  mnch  silicHfied  wood, 
aod  evidoatly  corresponds  with  the  great  npper  con- 
glomerate at  Las  Amolanas :  here,  however,  the  con- 
glomerate coDsista  almost  exclnsively  of  pebbles  of 
granite,  and  of  disintegrated  ciystaU  of  reddish  feldspar 
and  qnartz  firmly  recemented  together.  In  this  case, 
we  may  conclode  that  the  land  whence  the  pebbles  were 
derived,  and  on  which  the  now  silicified  trees  once 
flourished,  was  formed  of  granite. 

The  mountains  near  Las  Amolanas,  composed  of 
the  cretoceo-oolitic  strata,  are  interlaced  with  dikes  like 
a  spider's  web,  to  an  extent  which  I  have  never  seen 
equalled,  except  in  the  denuded  interior  of  a  volcanic 
crater:  north  and  Boath  lines,  however,  predominate. 
These  dikes  are  composed  of  green,  white,  and  blackish 
rocks,  all  porphyritic  with  feldspar,  and  often  with 
large  crystals  of  hornblende.  The  white  variettea 
approach  closely  in  character  to  andesito,  which  com- 
poses, as  we  have  seen,  the  injected  axes  of  so  many  of 
the  lines  of  elevation.  Some  of  the  green  varieties  are 
finely  laminated,  parallel  to  the  walls  of  the  dikes. 

Sixth  Axis  of  ElevaiAon  (VaUetf  of  Gopiapo). — 
This  axis  consists  of  a  broad  monntainouB  mass  [0]  of 
andesite,  composed  of  albite,  brown  mica,  and  chlorite, 
passing  into  andesitic  granite,  with  quartz :  on  its 
western  side  it  has  thrown  off,  at  a  considerable  angle, 
a  thick  mass  of  stratified  porphyries,  including  much 
epidote  pf  N],  and  remarkable  only  from  being  divided 
into  very  thin  beds,  as  highly  amygdaloidal  on  their 
surfaces  as  &ub-a6rial  lava-streams  are  oft^n  vesicular. 
This  porphyritic  fonnation  is  conformably  covered,  as 
seen  some  way  up  the  ravine  of  Jolquera,  by  a  mere 
remnant  of  the  lower  part    of  the   cretaceo-oolitao 
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formation  [M  M],  wliich  in  one  part  encases,  aa  repre- 
Bented  in  the  coloured  section,  the  foot  of  the  andesitio 
axis  [L],  of  the  already  described  fifth  line,  and  in 
snotter  part  entirely  conceals  it :  in  thia  latter  case, 
the  gypseous  or  crefcaceo-oolitic  strata  falsely  appeared 
to  dip  under  the  porphyritic  conglomerate  of  the  fifth 
»xis.  The  lowest  bed  of  the  gypseous  formation,  as 
seen  here  [M],  is  of  yellowish  siliceous  sandstone,  pre- 
cisely like  that  of  Aniolanas,  interlaced  in  parts  with 
veins  of  gypsum,  and  including  layers  of  the  black, 
calcareous,  tion-fissile  slate-rock  :  the  Turritella  Andii, 
Feclen  Dvfregnoyi,  Terehratida  cenigma,  var.  and 
Some  Gryphites  were  embedded  in  these  layers.  The 
Sandstone  varies  in  thickness  from  ouly  twenty  to  eighty 
feet ;  and  this  variation  is  caused  by  the  inequalities  in 
the  upper  surface  of  an  underlying  stream  of  purple 
clay-stone  porphyry.  Hence  the  above  fossils  here  lie 
at  the  very  base  of  the  gypseous  or  cretaceo-oolitic 
formation,  and  hence  they  were  probably  once  covered 
up  by  strata  about  7,000  feet  in  thickness  :  it  is,  how- 
ever, possible,  though  from  the  nature  of  all  the  other 
sections  in  this  district  not  probable,  that  the  por- 
phyritic clay-stone  lava  may  in  this  case  have  invaded  a 
higher  level  in  the  series.  Above  the  sandstone  there 
IB  a  considerable  mass  of  much  indurated,  purplish- 
blac£,  calcareous  clay-stone,  allied  in  nature  to  the 
oflen-nientiooed  black  calcareous  slate -rock. 

Eastward  of  the  broad  andesitic  axis  of  this  sixth 
line,  and  penetrated  by  many  dikes  from  it,  there  is 
a  great  formation  [Pj  of  mica-schist,  with  its  nsnal 
variations,  and  passing  in  one  part  into  a  ferruginous 
qnartz-rock.  The  folio  are  curved  and  highly  inclined, 
generally  dipping  eastward.  It  is  probable  that  this 
tnica-schist  is  an  old  formation,  connected  with  the 
granitic  rocka  and  metamorphic  schists  near  the  coast ; 
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and  that  the  one  fragment  of  mica-slate,  and  the  pehblea 
of  qaartz  low  down  in  the  gypseous  formation  at  Las 
Amolanas,  have  been  derived  from  it.  The  miea-schiat 
.  is  sacceeded  by  Btratified  porphyritic  conglomerate  [Q] 
of  great  thickness,  dipping  eastward  with  a  high  in- 
clination :  I  have  included  this  latter  mountain-mass 
in  the  Bame  anticlinal  axis  with  the  porphyritic  streams 
[N  N] ;  bat  I  am  far  from  snre  that  the  two  masses 
may  not  have  been  independently  upheaved. 

Seventh  AxU  of  Elevation. — Proceeding  np  the 
ravine,  we  come  to  another  mass  [K.]  of  andesite  ;  and 
beyond  this,  we  again  have  a  very  thick,  Btratified  por- 
phyritic formation  [S],  dipping  at  a  small  angle  east- 
ward, and  forming  the  basal  part  of  the  main  Cordillera. 
I  did  not  ascend  the  ravine  any  higher ;  but  here, 
near  Castano,  I  examined  several  sections,  of  which  I 
will  not  give  the  details,  only  observing,  that  the  por- 
phyritic beds,  or  sabmarine  lavas,  preponderate  gn^tly 
in  bulk  over  the  alternating  sedimentary  layers,  which 
have  been  but  little  metamorphosed  :  these  ktter  con- 
sist of  fine-grained  red  tnfis  and  of  whitish  volcanic 
grit-atones,  together  with  much  of  a  singular,  compact 
rock,  having  an  almost  crystalline  basis,  finely  brec- 
ciated  with  red  and  green  fragments,  and  occasionally 
including  a  few  large  pebbles.  The  porphyritic  lavas 
are  highly  amygdaloidal,  both  on  their  upper  and 
lower  surfaces ;  they  consist  chieSy  of  clay-stone  por- 
phyry, but  with  one  common  variety,  like  some  of  the 
streams  at  the  Puente  del  Inca,  having  a  gi'ay  mottled 
basis,  abounding  with  crystals  of  red  hydrous  oxide  of 
iron,  green  ones  apparently  of  epidote,  and  a  few  glassy 
ones  of  feldspar.  This  pile  of  strata  diSers  consider- 
ably from  the  basal  strata  of  the  Cordillera  in  Central 
Chile,  and  may  possibly  belong  to  the  upper  and 
gypseous  series:  I  saw,  however,  in  the  bed  of  the 


volley,  one  fragment  of  porphyritic  breccia -conglome- 
rate, exactly  like  those  (i^at  masses  mot  witli  in  the 
more  Bouthem  parts  of  Chile. 

Finally,  I  must  observe,  that  thongh  I  hare  de- 
Bcribed  between  the  town  of  Copiapo  and  the  weetem 
flank  of  the  main  Cordillera  seven  or  eight  axes  of 
elevation,  extending  nearly  north  and  south,  it  must 
not  be  suppoaed  that  they  all  run  continuously  for 
great  distances.  As  was  stated  to  be  the  case  in  onr 
sections  across  the  Cordillera  of  Central  Chile,  so  here 
most  of  the  lines  of  elevation,  with  the  exception  of 
the  first,  third,  and  fifth,  are  very  short.  The  stratifi- 
cation is  everywhere  disturbed  and  intricate ;  nowhere 
have  I  seen  more  numerous  faults  and  dikes.  The 
whole  district.,  from  the  sea  to  the  Cordillera,  is  more 
or  less  metalliferous;  and  I  heard  of  gold,  silrer, 
copper,  lead,  mercury,  and  iron  veins.  The  inetamor- 
phic  action,  even  in  the  lower  strata,  has  certainly 
been  far  less  here  than  in  Central  Chile. 

Valley  of  the  Despoblado. — This  great  barren  valley, 
which  has  already  been  alluded  to,  enters  the  main 
valley  of  Copiapo  a  little  above  the  tovm :  it  mns  at 
first  northerly,  then  NE ,  and  more  easterly  into  the 
Cordillera ;  I  followed  its  dreary  course  to  the  foot  of 
the  first  main  ridge.  I  will  not  ^ve  a  detailed  section, 
because  it  wonid  be  essentially  similar  to  that  already 
given,  and  because  the  stratification  is  exceedingly 
complicated.  After  leaving  the  platonic  hills  near  the 
town,  I  met  first,  as  in  the  main  valley,  with  the  gypseops 
formation,  having  the  same  diversified  character  as  be- 
fore, and  soon  afterwarda  with  masses  of  porphyritic 
conglomerate,  abont  1,000  feet  in  thickness.  In  the 
lower  part  of  this  formation  there  were  very  thick  beds 
composed  of  fragments  of  clay-stone  porphyries,  both 
angnlar  and  rounded,  with  the  smaller  ones  partially 
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blended  together  and  the  basis  rendered  porphyritic; 
these  beds  separated  distinct  streams,  from  sixty  to 
eighty  feet  in  thickness,  of  clay-stone  lavas.  Near 
Paipote,  also,  there  was  much  true  porphyritic  breccia* 
conglomerate :  nevertheless,  few  of  these  masses  were 
metamorphosed  to  the  same  degree  with  the  corre- 
sponding formation  in  Central  Chile.  I  did  not  meet  in 
this  valley  with  any  true  andesite,  but  only  with  im- 
perfect andesitic  porphyry,  including  large  crystals  of 
hornblende :  numerous  as  have  been  the  varieties  of 
intrusive  porphyries  already  mentioned,  there  were  here 
mountains  composed  of  a  new  kind,  having  a  compact, 
smooth,  cream-coloured  basis,  including  only  a  few 
crystals  of  feldspar,  and  mottled  with  dendritic  spots  of 
oxide  of  iron.  There  were  also  some  mountains  of  a 
porphyry  with  a  brick-red  basis,  containing  irregular, 
often  lens-shaped,  patches  of  compact  feldspar,  and 
crystals  of  feldspar,  which  latter  to  my  surprise  I  find 
to  be  orthite. 

At  the  foot  of  the  first  ridge  of  the  main  Cordillera, 
in  the  ravine  of  Maricongo,  and  at  an  elevation  which, 
from  the  extreme  coldness  and  appearance  of  the  vege- 
tation, I  estimated  at  about  10,000  feet,  I  found  beds  of 
white  sandstone  and  of  limestone  including  the  Tedefh 
Dufreynoyiy  Terebrafnia  cenigma^  and  some  Gryphites, 
This  ridge  throws  the  water  on  the  one  hand  into  the 
Pacific,  and  on  the  other,  as  I  was  informed,  into  a 
great  gravel-covered,  basin-like  plain,  including  a  salt- 
lake,  and  without  any  drainage-exit.  In  crossing  the 
Cordillera  by  this  Pass,  it  is  said  that  three  principal 
ridges  must  be  traversed,  instead  of  two,  or  only  one  as 
in  Central  Chile. 

The  crest  of  this  first  main  ridge  and  the  surround- 
ing mountains,  with  the  exception  of  a  few  lofty 
pinnacles,  are  capped  by  a  great  thickness  of  a  hori« 
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zontallf  stratified,  tufact^us  deposit.  The  lowest  bed 
ifl  of  a  pale  purple  colonr,  hard,  fine-grained,  and  full 

■  of  broken  crystals  of  feldspar  and  scales  of  mica.  TLe 
middle  bed  ia  coarser,  and  less  hard,  and  hence  weathers 
into  very  sharp  pinnacles  ;  it  includes  very  amall  frag- 
menlA  of  granite,  and  innumerable  ones  of  ail  sizes  of 
gray  vesicular  trachyte,  some  of  which  were  distinctly 
rounded.  The  uppermost  bed  is  about  200  feet  in 
thickness,  of  a  darker  colour  and  apparently  hard  ;  but 
I  had  not  time  to  ascend  to  it.  These  three  borizont&l 
beds  may  be  seen  for  the  distance  of  many  leagues, 
especially  westward  op  in  the  direction  of  the  Pacific, 
capping  the  summits  of  the  mountains,  and  standing  on 
the  opposite  sides  of  the  immense  valleys  at  exactly 

.  corresponding  heights.  If  united  they  would  form  a 
plain,  inclined  very  slightly  towards  the  Pacific;  the 
beds  become  thinner  in  this  direction,  and  the  tuff 
(judging  from  one  point  to  which  I  ascended,  some 
way  down  the  valley)  finer-grained  and  of  less  specific 
gravity,  though  still  compact  and  sonorous  under  the 
hammer.  The  gently  inclined,  almost  horizontal 
stratification,  the  presence  of  some  rounded  pebbles, 
and  the  compactness  of  the  lowest  bed,  though  render- 
ing it  probable,  would  not  have  convinced  me  that  this 
mass  had  been  of  subaqueous  origin,  for  it  is  huown 
that  volcanic  aahos  falling  on  land  and  moistened  by 
rain  often  become  hard  and  stratified  ;  but  beds  tbua 
originating,  and  owing  their  consolidation  to  atmo- 
Bpheric  moisture,  would  have  covered  almost  equally 
every  neighbouring  summit,  high  and  low,  and  would 
not  have  left  those  above  a  certain  exact  level  abso- 
lutely bare;  this  circumstance  seems  to  me  to  prove 
that  the  volcanic  ejections  were  arrested  at  their  pre- 
sent, widely  extended,  equable  level,  and  there  con- 
solidated by  some  other  means  than  simple  atmospheric 
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moiatore ;  and  this  no  doubt  mnst  liare  been  a  sheet  of 
water.  A  lake  at  this  great  beiglit,  and  without  a 
barrier  on  any  one  side,  is  out  of  the  question  ;  couse- 
quentlj  we  mast  conclude  that  the  tufaceona  matter 
was  anciently  deposited  beneath  the  sea.  It  was  cer- 
tainly deposited  before  the  excavation  of  the  valleys,  or 
at  least  before  their  final  enlargement;'  and  I  may 
add,  that  Mr,  Lambert,  a  gentleman  well  acquainted 
with  this  country,  informs  me,  that  in  ascending  the 
ravine  of  Santandres  (which  branches  off  from  the  Des- 
poblado) he  met  with  streams  of  lava  and  much  erupted 
matter  capping  all  the  hills  of  granite  and  porphyry, 
with  the  exception  of  some  projecting  points;  he  also 
remarked  that  the  vallnys  bad  been  excavated  subse- 
quently to  these  eruptions. 

This  volcanic  formation,  which  I  am  informed  by 
Mr.  Lambert  extends  far  northward,  is  of  interest,  as 
typifying  what  has  taken  place  on  a  grander  scale  on 
the  corresponding  western  side  of  the  Cordillera  of 
Peru.  Under  another  point  of  view,  however,  it  pos- 
sesses a  far  higher  interest,  as  confirming  that  conclu- 
sion drawn  from  the  structure  of  the  fringes  of  stratified 
shingle  which  are  prolonged  from  the  plains  at  the  foot 
of  the  Cordillera  far  up  the  valleys, — namely,  that  this 
great  range  has  been  elevated  in  mass  to  a  height  of 
between 8,000  and  9,000  feet;*  and  now, judging  from 
this  tufaceouB  deposit,  we  may  conclude  that  the  hori- 


*  I  faave  endeavDDred  to  show  in  R17 '  JoDRiaV  &o.  (Snd  edit.) 
p.  3SG,  tfaaC  this  arid  valle;  waa  left  by  the  Tctreating-  sea,  as  the 
land  sloirly  roae,  in  the  state  in  nbich  we  now  aee  it. 

■  I  ma;  hiTe  mention  that  on  the  south  side  of  the  main  vallej 
of  Copiapo,  near  Potrero  Beco,  the  njouiitHins  are  capped  b7  a  thick 
mass  of  horizntilaJly  stratitied  shingle,  ai.  a  height  which  1  estimated 
at  between  l.GOO  aod  2,000  feet  above  the  bed  of  the  ralle}'.  This 
ehiogie,  I  believe,  forms  the  edge  of  a  wide  plain,  which  stietohM 
■ontbwardf  between  two  moantain  ningM. 
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zontal  elevation  has  been  in  the  district  of  Copiapo 

aboQt  10,000  feet. 

In  the  valley  of  the  Deapofelado,  the  stratificatioii, 
as  before  remarked,  has  been  moch  disturbed,  and  in 
some  points  to  a  greater  degree  than  1  have  anywhere 
else  seen.  I  will  give  two  cases:  a  very  thick  mass  of 
thinly  stratified  red  sandstone,  including  beds  of  con- 
glomerate, has  been  crashed  together  (as  represented 
in  the  woodcut)  into  a  yoke  or  urn-formed  trongh,  bo 
that  the  strata  on  both  sides  have  been  folded  inwards : 
on  the  right  hand  the  properly  underlying  porphyritic 
claystone  conglomerate  is  seen  overlying  the  sandstone, 
but  it  soon  becomes  vertical,  and  then  is  inclined  to- 
wards the  trough,  so  that  the  beds  radiate  like  the 

No.  Ml 


spokes  of  a  wheel  •  on  the  left;  hand,  the  inverted  por- 
phyritic conglomerate  also  assumes  a  dip  towards  the 
trough,  not  gradually,  as  on  the  right  hand,  bat  by 
means  of  a  vertical  fault  and  synclinal  break ;  and  a 
little  still  farther  on  towards  the  left,  there  is  a  second 
great  oblique  fault  (both  shown  by  the  arrow-lines), 
with  the  strata  dipping  fo  a  directly  opposite  point: 
these  mountains  are  intersected  by  infinitely  numeroos 
dikes,  some  of  which  can  be  seen  to  nse  from  hummocks 
of  greenstone,  and  can  be  traced  for  thousands  of  feet. 
Id  the  second  case,  two  low  ridges  trend  together  and 
aoite  at  the  head  of  a  little  wedge-shaped  ralley; 
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throughout  the  right-hand  ridge,  the  strata  dip  at  45^ 
to  the  east :  in  the  lef^hand  ridge,  we  have  the  very 
same  strata  and  at  first  with  exactly  the  same  dip ;  but 
in  following  this  ridge  up  the  valley,  the  strata  are 
seen  very  regularly  to  become  more  and  more  inclined 
until  they  stand  vertical,  they  then  gradually  fall  over, 
(the  basset  edges  forming  symmetrical  serpentine  Hues 
along  the  crest)  till  at  the  very  head  of  the  valley  they 
are  reversed  at  an  angle  of  45^ :  so  that  at  this  point 
the  beds  have  been  turned  through  an  angle  of  135°; 
and  here  there  is  a  kind  of  anticlinal  axis,  with  the 
strata  on  both  sides  dipping  to  opposite  points  at  an 
angle  of  45°,  but  with  those  on  the  left  hand  upside- 
down. 

On  ilie  Eruptive  Sowrces  of  the  Porphyrifie  Clay^ 
stone  and  Greenstone  Lavas. — In  Central  Chile,  from 
the  extreme  metamorphic  action,  it  is  in  most  parts 
difficult  to  distinguish  between  the  streams  of  porphyritic 
lava  and  the  porphyritic  breccia-conglomerate,  but 
here,  at  Copiapo,  they  are  generally  perfectly  distinct, 
and  in  the  Despoblado,  I  saw  for  the  first  time,  two 
great  strata  of  purple  clay-stone  porphyry,  after  having 
been  for  a  considerable  space  closely  united  together, 
one  above  the  other,  become  separated  by  a  mass  of 
fragmentary  matter,  and  then  both  thin  out; — the 
lower  one  more  rapidly  than  the  upper  and  greater 
stream.  Considering  the  number  and  thickness  of  the 
streams  of  porphyritic  lava,  and  the  great  thickness  of 
the  beds  of  breccia-conglomerate,  there  can  be  little 
doubt  that  the  sources  of  eruption  must  originally  have 
been  numerous :  nevertheless,  it  is  now  most  difficult 
even  to  conjecture  the  precise  point  of  any  one  of  the 
ancient  submarine  craters.  I  have  repeatedly  observed 
mountains  of  porphyries,  more  or  less  distinctljt  strati- 
fied towards  their  summits  or  on  their  flanksj  without  a 
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trace  of  stratification  in  their  central  and  basal  parts : 
in  most  cases,  I  believe  this  is  simply  due  either  to  the 
obliterating  effects  of  metamorpliic  action,  or  to  such 
parts  having  been  malDly  formed  of  intrnsive  por- 
phyries, or  to  both  causes  conjoined  j  in  some  instances, 
however,  it  appeared  to  tne  very  probable  that  the 
great  central  nnstratified  masses  of  porphyry  were  the 
now  partially  denuded  nuclei  of  the  old  sabmarino 
volcanos,  and  that  the  stratified  parts  marked  the 
points  whence  the  streams  flowed.  In  one  case  alone, 
and  it  was  in  this  Valley  of  the  Despoblado,  I  was  able 
actually  to  trace  a  thick  stratum  of  purplish  porphyry, 
which  for  &  space  of  some  miles  conformably  overlay 
the  usual  alternating  beds  of  breccia-conglomeratea  and 
clay-Btone  lavas,  until  it  became  nnited  with,  and  blended 
into,  a  mountainous  mass  of  various  nnstratified  por- 
phyries. 

The  diSiculty  of  tracing  the  streams  of  porphyries 
to  their  ancient  and  doubtless  nnmerous  eraptive 
sources,  may  be  partly  explained  by  the  very  general 
disturbance  which  the  Cordillera  in  most  parts  haa 
Buffered ;  but  I  strongly  suspect  that  there  is  a  more 
specific  cause,  namely,  that  the  original  points  of 
eruption  tend  to  become  the  points  of  injection.  This 
in  itself  does  not  seem  improbable ;  for  where  the  earth's 
crust  has  once  yielded,  it  would  be  liable  to  yield 
again,  though  the  liquefied  intrusive  matter  might  not 
be  any  longer  enabled  to  reach  the  submarine  sorface 
and  flow  OS  lava.  I  have  been  led  to  this  conclusion, 
from  having  so  frequently  observed  that,  where  part  of 
an  nnstratified  mountain-mass  resembled  in  mineralo- 
gical  character  the  adjoining  streams  or  strata,  there 
were  several  other  kinds  of  intrusive  porphyries  &nd 
andesitic  rocks  injected  into  the  same  point.  As  theao 
intrnsire  mountain-masses  form  most  of  the  oxes-Uues 
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in  the  Cordillera,  whether  anticlinal,  uniclinal,  or  syn- 
clinal, and  as  the  main  valleys  have  generally  been 
hollowed  out  along  these  lines,  the  intrusive  masses 
have  generally  suffered  much  denudation.  Hence  they 
are  apt  to  stand  in  some  degree  isolated,  and  to  be 
situated  at  the  points  where  the  valleys  abruptly  bend, 
or  where  the  main  tributaries  enter.  On  this  view  of 
there  being  a  tendency  in  the  old  points  of  eruption  to 
become  the  points  of  subsequent  injection  and  dis- 
turbance, and  consequently  of  denudation,  it  ceases  to 
be  surprising  that  the  streams  of  lava  in  the  porphyritio 
claystone  conglomerate  formation,  and  in  other  analo- 
gous cases,  should  most  rarely  be  traceable  to  their 
actual  sources. 

Iquique^  Southern  Peru. — Differently  from  what  we 
have  seen  throughout  Chile,  the  coast  here  is  formed 
not  by  the  granitic  series,  but  by  an  escarpment  of  the 
porphyritic  conglomerate  formation,  between  2,000  and 
3,000  feet  in  height.^  I  had  thne  only  for  a  very  short 
examination  ;  the  chief  part  of  the  escarpment  appears 
to  be  composed  of  various  reddish  and  purple,  some- 
times laminated,  porphyries,  resembling  those  of  Chile ; 
and  I  saw  some  of  the  porphyritic  breccia-conglomerate ; 
the  stratification  appeared  but  little  inclined.  The 
uppermost  part,  judging  from  the  rocks  near  the  famous 
silver  mine  of  Huantajaya,'  consists  of  laminated,  im- 
pure, argillaceous,  purplish-gray  limestone,  associated, 
I  believe,  with  some  purple  sandstone.  In  the  lime- 
slone  shells  are  found  :  the  three  following  species  were 
given  me . — 

'  The  lowest  point,  where  the  road  crosses  the  coast-escaipment. 
If  1»900  feet  by  the  barometer  above  the  level  of  the  sea. 

•  Mr.  BoUaert  has  described  (•  Geolog.  Proceedings,*  voL  iL  p. 
6U8)  a  singular  mass  of  stratified  detritus,  gravel,  and  sand,  eightj-one 
yards  in  thickness, overlying  the  limestone, and abonnding  with  loose 
masses  of  silver  ore.  The  miners  believe  that  they  can  attribute 
these  masses  to  their  proper  veins. 


elite    r„  ■  ^"^ 
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red  sandstone,  sometimes  so  highly  calcareons  as  to 
have  a  crystalline  fracture, — argillaceous  limestone,— 
black  calcareous  slat«-rock,  like  that  so  often  described 
at  Copiapo  and  other  places, — thinly  laminated,  tine- 
grained,  greenish,  indurated,  sedimentary,  fusible  rocks, 
approaching  in  character  to  the  so-called  pseudo-hone- 
stone  of  Chile,  including  thin  contemporaneoas  veins  of 
gypsum, — and  lastly,  much  calcareous,  laminated  por- 
celain jasper,  of  a  green  colour,  with  red  spots,  and  of 
extremely  easy  fusibility :  I  noticed  one  conformable 
stratum  of  a  freckled-brown,  feldspathic  lava.  I  may 
here  mention  that  I  beard  of  great  beds  of  gypsum  in 
the  Cordillera.  The  only  novel  point  in  this  formation,  ia 
the  presence  of  innumerable  thin  layers  of  rock-salt, 
alternating  with  the  laminated  and  hard,  but  sometimes 
earthy,  yellowish,  or  bright  red  and  ferruginous  sand- 
stones. The  thickest  layer  of  salt  was  only  two  inches, 
and  it  thinned  ont  at  both  ends.  On  one  of  these 
saliferous  masses  I  noticed  a  stratum  about  twelve  feet 
thick,  of  dark-brown,  hard  brecciated,  easily  fusible 
rock,  containing  graius  of  quartz  and  of  black  oxide  of 
iron,  together  with  numerous  imperfect  fragments  of 
shells.  The  problem  of  the  origin  of  salt  ia  so  obscure, 
that  every  fact,  even  geographical  position,  is  worth 
recording.'     With    the   exception   of  these  saliferous 

■  It  is  well  knoffti  thitC  stratilied  salt  is  found  in  several  places  on 
the  shores  of  Peru.  The  island  of  San  Lorenio,  off  Lima,  is  composed 
of  a  pile  of  thin  stmlii.  about  800  feet  in  thickness,  composed  of 
yelluwisli  and  purplish,  liard  siliceous,  or  earth;  sandstones,  alter- 
nating wilh  thin  layers  of  shale,  which  in  places  losses  into  a 
greenish,  semi-porcellanic,  fusible  rock.  There  arc  some  thin  beds  of 
reddish  mndstone,  and  soft  ferruginous  rotten-stones,  with  layers  of 
g;p>^llm.  In  nearlr  all  the»e  varieties,  especially  in  the  softer  sand- 
Eionps,  th^re  ore  numerous  thin  seams  of  rock-^^lt :  1  was  ioFormed 
that  one  layer  has  been  found  two  inches  in  thickness.  The  manner 
in  which  the  minutest  fissures  of  the  dislocated  beds  have  been 
penetrated  by  the  salt,  apparently  by  subsequent  infiltration,  is  very 
curious.  On  the  south  side  of  the  island,  layers  of  co»l  and  of 
impure  limestoiie  have  been  disoorercd.     Hence  we  here  have  salt, 
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With  respect  to  the  distribution  of  the  different  metals, 
copper,  gold,  and  iron  are  generally  associated  together, 
and  are  most  frequently  found  (but  with  many  ex- 
ceptions, as  we  shall  presently  see)  in  the  rocks  of  the 
lower  series,  between  the  Cordillera  and  the  Pacific, 
namely,  in  granite,  syenite,  altered  feldspathic  clay- 
slate,  gneiss,  and  as  near  Guasco  mica-schist.  The 
copper  ores  consist  of  sulphurets,  oxides,  and  carbon- 
ates, sometimes  with  laminaB  of  native  metal :  I  was 
assured  that  in  some  cases  (as  at  Panuncillo  SE.  of  Co- 
quirabo)  the  upper  part  of  the  same  vein  contains  oxides, 
and  the  lower  part  sulphurets  of  copper.*  Gold  occurs 
in  its  native  form ;  it  is  believed  that,  in  ^nany  cases, 
the  upper  part  of  the  vein  is  the  most  productive  part : 
this  fact  probably  is  connected  with  the  abundance  of 
this  metal  in  the  stratified  detritus  of  Chile,  which 
must  have  been  chiefly  derived  £pom  the  degradation  of 
the  upper  portions  of  the  rocks.  These  superficial  beds 
of  well-rounded  gravel  and  sand,  containing  gold, 
appeared  to  me  to  have  been  formed  under  the  sea 
close  to  the  beach,  during  the  slow  elevation  of  the 
land:  Schmidtmeyer ^  remarks  that  in  Chile  gold  is 
sought  for  in  shelving  banks  at  the  height  of  some  feet 
on  the  sides  of  the  streams,  and  not  in  their  beds,  as 
would  have  been  the  case  had  this  metal  been  deposited 
by  common  alluvial  action.  Very  frequently  the 
copper-ores,  including  some  gold,  are  associated  with 
abundant  micaceous  specular  iron.  Gold  is  often 
found  in  iron -pyrites :  at  two  gold  mines  at  Yaquil 
(near  Nancagua),  I  was  informed  by  the  proprietor 
that  in  one  the  gold  was  always  associated  with  copper- 
pyrites,  and  in  the  other  with  iron-pyrites:    in  this 

'  The   same  fact  has  been  observud  bj  Mr.  Taylor  in  Cuba ; 
■liOndon  Phil.  Journ/  vol.  xi.  p.  21. 
«  *  Travels  in  Chile/ p.  29. 
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latter  case,  it  U  said  that  if  the  vein  ceases  to  contain 
iroQ-pyrites,  it  is  yet  worth  while  \ia  continae  the 
BSBrch,  but  if  the  iron-pyrites,  when  it  reappears,  is  not 
anriferous,  it  i&  better  at  once  to  give  up  working  the 
vein.  Although  I  believe  copper  and  gold  are  moat 
frequently  found  in  the  lower  granitic  and  metamorphiii 
schistose  series,  yet  these  metals  occur-  both  in  th'j 
porphyritic  conglomerate  formation  (as  cm  the  flanks  of 
the  Bell  of  Qnillota  end  at  Jajuel),  and  in  the  superin- 
cumbent strata.  At  Jajuel  I  was  informed  that  the 
copper-ore,  with  some  gold,  is  found  only  in  the  green- 
stones and  altered  feldapathic  clay-slate,  which  alternate 
with  the  purple  porphyritic  conglomerate.  Several 
gold  veins  and  some  of  copper-ore  are  worked  in  several 
parts  of  the  Uspallata  range,  both  in  the  metamor- 
phosed strata,  which  have  been  shown  to  have  been  of 
probably  subsequent  origin  to  the  Neocomian  or  gy[>- 
seoua  formation  of  the  main  Cordillera,  and  in  the 
intrusive  andesitic  rocks  of  that  range.  At  Los  Hornoa 
(NB.  of  Illapel),  likewise,  there  are  numerous  veins  of 
copper-pyrites  and  of  gold,  bolh  in  the  strata  of  the 
gypseous  formation  and  in  the  injected  hills  of  andesite 
and  various  porphyries. 

Silver,  in  the  tbrm  of  a  chloride,  Bulphuret,  or  an 
amalgam,  or  in  its  native  state,  and  associated  with 
lead  and  other  metals,  and  at  Arqueros  with  pure 
native  copper,  occurs  chieSy  in  the  upper  great  gyp- 
seous or  cretaceo-oolitic  formation,  which  forms  pro- 
bably the  ricbeat  mass  in  Chile.  We  may  iostance 
the  mining  districts  of  Arqueroa  near  Coquimbo, 
and  of  nearly  the  wholo  valley  of  Copiapo,  and  of 
Iquique  (where  the  principal  veins  run  NE.  by  E.  and 
SW.  by  W.),  in  Peru.  Hence  comes  Molina's  remark, 
that  silver  is  bom  in  the  cold  and  solitary  deserts  of 
the  upper  Cordillera.     There  are,  however,  exceptions 
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to  this  rule :  at  Paral  (SE.  of  Coqnimbo)  silver  is  fotmd 
in  tlie  porphyritic  conglomerate  formation ;  as  I  suspect 
is  likewise  the  case  at  S.  Pedro  de  Nolasko  in  the 
Peuquenes  Pass.  Rich  argentiferons  lead  is  foand  in 
the  clay-slate  of  tie  Uspallata  range ;  and  I  saw  an  old 
silver  mine  in  a  hill  of  syenite  at  the  foot  of  the  Bell  of 
Quillota :  I  was  also  assured  that  silver  has  been  found 
ic  the  andesitic  and  porphyritic  region  between  the 
town  of  Copiapo  and  the  Pacific.  I  have  stated  in  a 
previous  part  of  this  chapter,  that  in  two  neighbouring 
mines  at  Arqueros  the  veins  in  one  were  productive 
when  they  traversed  the  singular  green  sedimentary 
beds,  and  unproductive  when  crossing  the  reddish  beds ; 
whereas  at  the  other  mine  exactly  the  reverse  takes 
place;  I  have  also  described  the  singular  and  rare  case 
of  numerous  particles  of  native  silver  and  of  the  chloride 
being  disseminated  in  the  green  rock  at  the  distauce  of 
a  yard  from  the  vein.  Mercury  occurs  with  silver  both 
at  Arqueros  and  at  Copiapo :  at  the  base  of  C.  de  loe 
Hornos  (SE.  of  Coquimbo,  a  different  place  from  Los 
Homos,  before  mentioned)  I  saw  in  a  syenitic  rock 
numerous  qaartzose  veins,  containing  a  little  cinnabar 
in  nests :  there  were  here  other  parallel  veins  of  copper 
and  of  a  ferrugino-auriferous  ore.  I  believe  tin  has 
never  been  found  in  Chile. 

From  information  given  me  by  Mr.  Nixon  of  Taqnil,' 
and  by  others,  it  appears  that  in  Chile  those  veins  are 
generally  most  permanently  productive,  which  consist- 
ing of  various  minerals  (sometimes  differing  but  slightly 
from  the  surrounding  rocka),  include  parallel  strings 
y'lch  in  metals ;  such  a  vein  is  called  a  vita,  real.  More 
con  raonly  the  mines  are  worked  only  where  one,  two, 

'  At  the  Durozno  mine,  the  gold  is  associated  with  copper-pTrltes, 
and  the  veins  contain  large  prisms  of  plambago.  CTystailiced  car- 
bona.H  of  lime  is  oue  of  the  oommoneat  mineral*  in  the  matrix  of 

the  Chilian  veins. 
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or  more  thin  veins  or  strings  miming  in  a  different 

direction,  inU-rswit  a  j-oot  '  veta  real : '  it  is  uDammousIy 
believed  tliat  at  such  points  of  intersection  (cruceros), 
the  quantity  of  metal  is  much  greater  than  that  con- 
tained in  other  ports  of  the  inti-rsecttng  veins.  Id  eotna 
CTUi-jjrw  or  pointa  of  intersection,  the  metals  extend 
tmvn  bt'jond  the  walls  of  the  main,  broad,  stony  vein. 
It  is  said  that  the  greater  the  angle  of  intersection,  the 
greater  the  produce;  and  that  nearly  parallel  etringa 
attract  each  other ;  in  the  UBjiallata  range,  I  observed 
that  numerous  thin  auri-ferruginona  veina  repftttedly 
mn  into  knots,  and  then  branched  out  again,  I  have 
already  described  the  remarkable  manner  in  which  rocks 
of  the  Uspallata  range  &re  indurated  and  blackened  (as 
if  by  a  blast  of  gunpowder)  to  a  oonsiderable  distance 
from  the  metallic  veins. 

Finally,  I  may  observe,  that  the  presence  of  metallic 
veins  seems  obviously  connected  with  the  presence  of 
intrusive  rocks,  and  with  the  degree  of  metamorphic 
action  which  the  different  districts  of  Chile  have 
nnderi,'one.'  Such  metamorphosed  areas  are  generally 
accompanied  by  numerous  dikes  and  injected  masses 
of  andesite  and  various  porphyries:  I  have  in  several 
places  traced  the  metalliferous  veins  from  the  in- 
trusive masses  into  the  encasing  strata.  Knowing 
that  the  porphyritic  conglomerate  formation  consists  of 
alternate  streams  of  submarine  lavas  and  of  the  debris 
of  anciently  erupted  rocks,  and  that  the  strata  of  the 
upper  gypseous  formation  sometimes  include  submarine 
hivaa,  and  are  composed  of  tufla,  mudstones,  and  mineral 
substances,  probably  due  to  volcanic  exhalations, — the 
richness  of  these  strata  is  highly  remarkable  when  com- 

'  Sir  R.  Murchipon  and  his  fellow  trntqllprs  have  piven  soma 
■triking  facta  on  tliis  Kubji'Ct  in tlieii account  of  <be  Ural  Uoaotuiu. 
'  Geolug;.  Proc'  vaL  iii.  p.  71S. 
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pared  with  the  erupted  beds,  often  of  submarine  origin, 
but  w)i  metamorphosed^  which  compose  the  numerous 
islands  in  the  Pacific,  Indian,  and  Atlantic  Oceans ;  for 
in  these  islands  metals  are  entirely  absent,  and  their 
nature  even  unknown  to  the  aborigines. 

Summary  on  the  Qeological  History  of  the  Chilian 
Cordillera^  and  of  the  Southern  Parts  of  South 
America, 

We  have  seen  that  the  shores  of  the  Pacific,  for  a 
space  of  1,200  miles  from  Tres  Montes  to  Copiapo,  and 
I  believe  for  a  very  much  greater  distance,  are  com- 
posed, with  the  exception  of  the  tertiary  basins,  of  meter- 
mprphic  schists,  plutonic  rocks,  and  more  or  less  altered 
clay-slate.  On  the  floor  of  the  ocean  thns  constituted, 
vast  streams  of  various  purplish  clay-stone  and  green- 
stone porphyries  were  poured  forth,  together  with  great 
alternating  piles  of  angular  and  rounded  fragments  of 
similar  rocks  ejected  from  the  submarine  craters.  Prom 
the  compactness  of  the  streams  and  fragments,  it  is 
probable  that,  with  the  exception  of  some  districts  in 
Northern  Chile,  the  eruptions  took  place  in  profoundly 
deep  water.  The  orifices  of  eruption  appear  •  to  have 
been  studded  over  a  breadth,  with  some  outliers,  of 
from  50  to  100  miles:  and  closely  enough  together, 
both  north  and  south,  and  east  and  west,  for  the  ejected 
matter  to  form  a  continuous  mass,  which  in  Central 
Chile  is  more  than  a  mile  in  thickness.  I  traced  this 
mould-like  mass,  for  only  450  miles ;  but  judging  from 
what  I  saw  at  Iquique,  from  specimens,  and  from 
published  accounts,  it  appears  to  have  a  manifold 
greater  length.  In  the  basal  parts  of  the  series,  and 
especially  towards  the  flanks  of  the  range,  mud,  since 
converted  into  a  feldspathic  slaty  rock,  and  sometimes 


uLiiiT  siiij;uliir  volcanic  rocks 
forth  :   I  am  fiir  from  pretend, 
of  di'iiiiirkiiliun  can  be  draw] 
and  the  underlyiu^  porphyri 
glomerate,  but  in  a  mass  of  e 
between    beds   of  such  widel; 
nature,   some   division   was   n 
commencement  of  the  gypseoi 
the  aea  here  seema  first  to  havi 
not  many  in  kind,  bat  abound 
the  P.  del  Inca  the  fossils  are  e 
of  the  formation ;  in  the  Penqi 
lerels,  half-way  np,  and  even 
hence,  in  these  sections,  the  w1 
belongs  to  the  same  period :  the 
cable  to  the  beds  at  Copiapo,  whii 
between  7,000  and  8,000  feet.     ' 
Cordillera  of  Central  Chile,  in 
palteontologists  who   have  exan 
the  earlier  stages  of  the  cretac 
Northern  Chile  there  is  a  most  si 
taceona  and  oolitic  forms :  from  t 
however,  of  these  two  districts,  ] 
they  all  boln""  *- 
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siliceous  sandstones,  of  coarse  conglomerates,  lime- 
stones, tuffs,  dark  mud-stones,  and  those  singular  fine- 
grained rocks  which  I  have  called  pseudo-honestones, 
vast  beds  of  gypsum,  and  many  other  jaspery  and 
scarcely  describable  varieties,  vary  and  replace  each 
other  in  short  horizontal  distances,  to  an  extent,  I 
believe,  unequalled  even  in  any  tertiary  basin.  Most 
of  these  substances  are  easily  fusible,  and  have  appa- 
rently been  derived  either  from  volcanos  still  in  quiet 
action,  or  from  the  attrition  of  volcanic  products.  If 
we  picture  to  ourselves  the  bottom  of  the  sea,  rendered 
.uneven  in  an  extreme  degree,  with  numerous  craters, 
some  few  occasionally  in  eruption,  but  the  greater 
number  in  the  state  of  solfataras,  discharging  calcareous, 
siliceous,  ferruginous  matters,  and  gypsum  or  sulphuric 
acid  to  an  amount  surpassing,  perhaps,  even  the  exist- 
ing sulphureous  volcanos  of  Java,^  we  shall  probably 
understand  the  circumstances  under  which  this  singular 
pile  of  varying  strata  was  accumulated.  The  shells 
appear  to  have  lived  at  the  quiescent  periods  when  only 
limestone  or  calcareo-argillaceous  matter  was  deposit- 
ing. From  Dr.  Gillies's  account,  this  gypseous  or 
cretaceo-oolitic  formation  extends  as  far  south  as  the 
Pass  of  Planchon,  and  I  followed  it  northward  at  in- 
tervals for  500  miles  :  judging  from  the  character  of  the 
beds  with  the  Terehratula  anigma,  at  Iquique,  it 
extends  from  400  to  500  miles  farther;  and  perhaps 
even  for  ten  degrees  of  latitude  north  of  Iquique  to  the 
Cerro  Pasco,  not  far  from  Lima :  again,  we  know  that 
a  cretaceous  formation,  abounding  with  fossils,  is  largely 
developed  north  of  the  equator,  in  Columbia  :  in  Tierra 
del  Fuego,  at  about  this  same  period,  a  wide  district  of 
clay- slate  was  deposited,   which   in   its   mineralogical 

*  Von  Bach's '  Descript.  Physique  des  Hes  Canaries,'  p.  428. 
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characters  and  external  features,  might  be  compared  to 
the  Silurian  regions  of  North  Wnles.  The  gyijseoua 
formation,  like  that  of  the  porphjritic  breccia-cong-lo- 
merate  on  which  it  rests,  is  of  irftonsideroble  breadth; 
though  of  greater  breadth  in  Northern  than  in  Central 
Chile. 

Aa  the  foseil  shells  in  this  foiTu^tion  are  covered,  in 
the  Peoquenes  ridge  by  a  great  thickness  of  strata,  at 
the  Puente  del  Inca  by  at  least  5,000  feet ;  at  Coquimbo, 
though  the  superposition  there  is  less  plainly  seen,  by 
aboat  6,000  feet ;  and  at  Copiapo  certainly  by  5,000 
or  6,000,  and  probably  by  7,000  feet  (the  same  speciea 
there  recurring  in  the  upper  and  lower  parts  of  the 
series)  we  may  fee!  confident  that  the  bottom  of  the 
sen  subsided  during  this  cretoceo- oolitic  period,  so  as 
to  allow  of  the  ac'CUTiuilatioD  of  the  siipi'rincunifffnt 
submarine  strata.  This  conclusion  is  confirmed  by,  or 
perhaps  rather  explains,  the  presence  of  the  many  beds 
at  many  levels  of  coarse  conglomerate,  the  well-rounded 
pebbles  in  which  we  cannot  believe  were  transported  in 
very  deep  water.  Even  the  underlying  porphyries  at 
Copiapo,  with  their  highly  amygdaloidtil  surfaces,  do 
not  appear  to  have  Sowed  under  great  pressure.  The 
great  sinking,  movement  thus  plainly  indicated,  mast 
have  extended  in  a  north  and  south  line  for  at  least 
400  miles,  and  probably  was  co-extensive  with  the 
gj-pseous  formittion. 

The  beds  of  conglomerate  just  referred  to,  and  the 
extraordinarily  numerous  silicified  trunks  of  fir-trees 
at  Los  Homos,  perhaps  at  Coquimbo  and  at  two  dis- 
tant points  in  the  valley  of  Copiapo,  indicate  that  land 
existed  at  this  period  in  the  neighbourhood.  This  land, 
or  ifilaiida,  iu  the  nortbem  part  of  the  district  of 
Cop'apo,  must  have  been  almost  exclusively  composed, 
judging  from  the  nature  of  the  pebbles,  of  granite  ;  in 
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the  Bouttem  parts  of  Copiapo,  it  must  have  been 
mamly  formed  of  clay-stone  porphyries,  with  some 
mica-schist,  and  with  much  sand-stoae  and  jaspery 
rocks  exactly  like  the  rocks  io  the  gypseous  formation, 
and  DO  doubt  belonging  to  its  basal  series.  In  several 
other  places  also,  during  the  accamnlation  of  the 
gj'pseoua  formation,  its  basal  parts  and  the  underlying 
porphyritic  conglomerate  must  likewise  have  been 
already  partially  upheaved  and  exposed  to  wear  and 
tear ;  near  the  Puente  del  Inca  and  at  Coqnimbo,  there 
must  have  existed  masses  of  mica-schist  or  some  such 
rock,  whence  were  derived  the  many  small  pebbles  of 
opaqne  quartz.  It  follows  from  these  facts,  that  in 
some  parts  of  the  Cordillera  the  upper  beds  of  the 
gypseous  formation  must  lie  nnconformably  on  the 
lower  beds ;  and  the  whole  gypseous  formation,  la 
parts,  uti conformably  on  the  porphyritic  conglomerate ; 
although  I  saw  no  such  cases,  yet  in  many  places  the 
gypseous  fonnation  is  entirely  ataent ;  and  this,  although 
no  doubt  generally  caused  by  quite  subsequent  denuda- 
tion, may  in  others  be  due  to  the  underlying  porphy- 
ritic conglomerate  having  been  locally  upheaved  before 
the  deposition  of  the  gypseous  strata,  and  thus  having 
become  the  source  of  the  pebbles  of  porphyry  embedded 
in  them.  la  the  porphyritic  conglomerate  formation, 
in  its  lower  and  middle  parts,  there  is  very  rarely  any 
evidence,  with  the  exception  of  the  small  quartz  pebbles 
at  Jajuel,  near  Aconcagua,  and  of  the  single  pebble  of 
granite  at  Copiapo,  of  the  existence  of  neighbouring 
land :  in  the  upper  parts,  however,  and  especially  in  the 
district  of  Copiapo,  the  number  of  thoroughly  well- 
rounded  pebbles  of  compact  porphyries  make  me  be- 
lieve, that,  as  during  the  prolonged  accumulation  of 
the  gypseous  formation  the  lower  beds  had  already  been 
locally  upheaved  and  exposed  to  wear  and  tear,  so  it 
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iiius,  and  occMsioiiiiily,  i 
lavas,  chiefly  of  a  feldsp^ 
Islands  clothed  with  fir-tre< 
ries,  primary  rocks,  and  tht 
already  been  locally  npht 
action  of  the  waves  ; — the  g 
at  this  time  having  been  ov> 
slow  sabsidence,  prolonged  t 
several  thousand  feet. 

In  Central  Chile,  after 
thickness  of  the  gypeeoDS  si 
heaval,  by  which  the  Cumbre 
formed,  a  vast  pile  of  tufaceo 
lava  was  accumulated,  where 
stands ;  also  after  the  deposit 
eqoivalent  gypseous  strata  of 
great  thick  mass  of  conglo 
Tenayan  was  accumulated: 
the  UspallatA  strata,  we  kt 
bnried  vertical  trees,  that  t' 
Bome  thousand  feet ;  and  we  t 
of  the  r^"~'- 
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cretaceo-oolitic  strata,  bo  tbis  lat«r  subsidence  appeara 
to  have  been  complicated  by  alternate  or  local  eleratoiy 
tnovetnent — for  the  vertical  trees,  buried  in  the  midst 
of  the  Uspallata  strata,  mast  have  grown  on  dry  land, 
formed  by  the  upheaval  of  the  lower  submarine  beds. 
Presently  I  shall  have  to  recapitulate  the  facta,  showing 
that  at  a  still  later  period,  namely,  at  nearly  the  com- 
mencement of  the  old  Tertiary  deposits  of  Patagonia  and 
of  Chile,  the  continent  stood  at  nearly  its  present  level, 
and  then  for  the  third  time,  slowly  subsided  to  the 
amount  of  several  hundred  feet,  and  was  afterwards 
slowly  re-uplifted  to  its  present  level. 

The  highest  peaks  of  the  Cordillera  appear  to  con- 
Bist  of  active  or  more  commonly  dormant  volcanos, — 
such  as  Tupnngato,  Maypu,  and  Aconcagua,  which 
latter  stands  23,000  feet  above  the  level  of  the  sea,  and 
many  others.  The  next  highest  peaks  are  formed  of 
the  gypseous  and  porphyritic  strata,  thrown  into  vertical 
or  highly  inclined  positions.  Besides  the  elevation  thus 
gainedbyangulardisplacementa.Iinfer,  without  any  hesi- 
tation— from  the  stratified  gravel-fringes  which  gently 
slope  up  the  valleys  of  the  Cordillera  from  the  gravel- 
capped  plains  at  their  base,  which  latter  are  connected 
with  the  plains,  still  covered  with  recent  shells  on  the 
coast — that  this  great  range  has  been  upheaved  in  mass 
by  a  slow  movement,  to  an  amount  of  at  least  8,000 
feet.  In  the  Despoblado  Valley,  north  of  Copiapo,  the 
horizontal  elevation,  judging  from  the  compact,  stra- 
tified tufaceous  deposit,  capping  the  distant  mountains 
at  corresponding  heights,  was  about  10,000  feet.  It  is 
very  possible,  or  rather  probable,  that  this  elevation  in 
mass  may  not  have  been  strictly  horizontal,  but  more 
energetic  under  the  Cordillera,  than  towards  the  coast 
on  either  side ;  nevertheless,  movements  of  this  kind 
may  be  conveniently  distinguished  from  those  by  which 


strata  have  been  abmptl;  broken  and  optamed.  Wben 
Tiewing  the  Cordillera,  before  having  read  Mr.  Hopkins'? 
profound  '  Researches  on  Physical  Geology,'  the  convic- 
tion was  impressed  on  me,  that  the  angulardblocaiioDS, 
however  violent,  were  quite  subordinate  ia  importance 
to  the  great  upward  movement  in  mass,  and  that  they 
had  been  canned  by  the  ed^es  of  the  wide  fissures, 
which  necessarily  resulted  from  the  tension  of  ih© 
elevated  area,  having  yielded  to  the  inward  rash  of 
flaidified  rock,  and  having  thus  been  nptoraed. 

The  ridgpB  formed  by  the  angnlarly  njiheaved  strata 
nre  seldom  of  great  length  :  in  the  central  parts  of  the 
Cordillera  they  are  generally  parallel  to  each  other, 
and  run  in  north  and  eonth  lines;  bnt  towards  tho 
flanks  they  often  extend  more  or  less  obliqaely.  The 
ongiilnr  di«pl.iceroeiit  has  b-'cn  much  more  violent  in 
the  central  than  in  the  exterior  main  lines  ;  but  it  has 
likewise  been  violent  in  some  of  the  miitor  lines  on  the 
extreme  flanks.  The  violence  has  been  very  unequal 
on  the  same  short  lines;  the  crust  having  apparently 
tended  to  yield  on  certain  points  along  the  lines  of 
fissures.  These  points,  I  have  endeavoured  to  show, 
were  probably  first  foci  of  eruption,  and  afterwards  of 
injected  masses  of  porphyry  and  andesite.'  The  close 
similarity  of  the  andesitic  granitea  and  porphyries, 
throughout  Cliile,  Tierra  del  Fu(-go,  and  even  in  Peru, 
is  very  remarkable.  The  prevalence  of  feldspar  cleav- 
ing like  albite,  is  common  not  only  to  the  andesites, 
but  (as  I  infer  from  the  high  authority  of  Prof,  G. 
Rose,  as  well  as  from  my  own  measurements)  to  th© 
various  clay-stone  and  green-etone  porphyries,  and  to 

'  Sir  R.  Murctiison,  and  his  companions  state  ('  Qcolog.  Proc,' 
vol.  iii.  p.  747),  that  no  true  granite  appears  in  tbe  higher  Ural 
Uoantait^B ;  but  that  syenitic  greenstone— a  rock  closely  HDalogoiii 
toonrantlesiie-U  b;  lar  the  most  abundant  ot  the  in' 
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the  trachytic  lavas  of  the  Cordillera.  The  andesitic 
rocks  have  in  most  cases  been  the  last  injected  ones, 
and  they  probably  form  a  continuous  dome  under  this 
great  range :  they  st^nd  in  intimate  relationship  with 
the  modern  lavas ;  and  they  seem  to  have  been  the 
immediate  agent  in  metamorphosing  the  porphyritic 
conglomerate  formation,  and  often  likewise  the  gypseous 
strata,  to  the  extraordinary  extent  to  which  they  have 
suffered. 

With  respect  to  the  age  at  which  the  several  parallel 
ridges  composing  the  Cordillera  were  upthrown,  I  have 
little  evidence.  Many  of  them  may  have  been  con- 
temporaneously elevated  and  injected  •  in  the  same 
manner^  as  in  volcanic  archipelagoes  lavas  are  contem- 
poraneously ejected  on  the  parallel  lines  of  fissure. 
But  the  pebbles  apparently  derived  from  the  wear  and 
tear  of  the  porphyritic  conglomerate  formation,  which 
are  occasionally  present  in  the  upper  parts  of  this  same 
formation,  and  are  often  present  in  the  gypseous  for- 
mation, together  with  the  pebbles  from  the  basal  parts 
of  the  latter  formation  in  its  upper  strata,  render  it 
almost  certain  that  portions,  we  may  infer  ridges,  of 
these  two  formations  were  successively  upheaved.  In 
the  case  of  the  gigantic  Portillo  range,  we  may  feel 
almost  certain  that  a  pre-existing  granitic  line  was  up- 
raised (not  by  a  single  blow,  as  shown  by  the  highly 
inclined  basaltic  streams  in  the  valley  on  its  eastern 
flank)  at  ^  period  long  subsequent  to  the  upheavement 
of  the  parallel  Peuquenes  range.*    Again,  subsequently 


*  See  the  latter  part  of  Chapter  YL 

*  I  have  endeayoared  to  show  in  my  'Journal  *  (2nd  edit.  p.  321), 
that  the  singular  fact  of  the  river,  which  drains  the  valley  between 
these  two  ranges,  passing  through  the  Portillo  and  higher  line,  is 
explained  by  its  slow  and  subsequent  elevation.  There  are  many 
analogous  cases  in  the  drainage  of  rivers :  see  <  Edinbargh  New  Philt 
Jounml,'  vol.  zzviii  pp.  83  and  44. 
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tlirowQ  up  in  Peru  across  the  bed  of  a  river,  and  couso- 
quently  after  the  final  elevation  of  the  country  abore 
the  level  of  the  sea. 

Aaceading  to  the  older  Tertiary  formatioDS,  I  will 
not  again  recapitulate  the  remarks  already  given  at  the 
end  of  the  Twelfth  Chapter, — on  their  great  extent,  es- 
pecially along  the  shores  of  the  Atlantic— on  their  anti- 
quity, perhaps  corresponding  with  that  of  the  Ecwene 
deposits  of  Europe, — on  the  almost  entire  dissimilarity, 
though  the  formations  are  apparently  contemporaneous, 
of  the  fossils  from  the  eastern  and  western  coasts,  as  ia 
likewise  the  case,  even  in  a  afcill  more  marked  degree, 
with  the  shells  now  living  in  these  opposite  though 
approximate  seas, — on  the  climate  of  this  period  nob 
having  been  more  tropical  than  what  might  have  been 
expected  from  the  latitudes  of  the  places  under  which 
the  deposits  occur ;  a  circumstance  rendered  well 
worthy  of  notice,  from  the  contrast  with  what  is  known 
to  have  been  the  case  during  the  older  Tertiary  periods 
of  Europe,  and  likewise  from  the  fact  of  the  Southei-n 
Hemisphere  having  suffered  at  a  much  later  period, 
apparently  at  the  same  time  with  the  Northern  Hemi- 
sphere, a  colder  or  more  equable  temperature,  as  shown 
by  the  zones  formerly  affected  by  ice-action.  Nor  will 
I  recapitulate  the  proofs  of  the  bottom  of  the  sea,  both 
on  the  eastern  and  western  coast,  having  subsided  700 
or  800  feet  during  this  Tertiary  period ;  the  movement 
having  apparently  been  co-extensive,  or  nearly  co-ex- 
tensive, with  the  deposits  of  this  age.  Nor  will  I  again 
give  the  facts  and  reasoning  on  which  the  proposition  ■ 
was  founded,  that  when  the  bed  of  the  sea  is  either 
stationary  or  rising,  circiim stances  are  far  less  favour- 
able than  when  its  level  is  sinking,  to  the  accnmnlation 
of  conchiferous  deposits  of  snfiicient  thickness,  exten- 
sion,  and    hardness    to   resist,   when    upheaved,   the 
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ordinary  vast  iimonnfc  of  denndation.  We  have  seen 
tliftt  the  bighiy  remarkable  fact  of  the  abspnce  of  any 
exiOTisive  formations  containing  recent  shells,  either  on 
the  eastpm  or  western  coasts  of  the  continent, — though 
these  coasts  now  abound  with  living  SloIIuscn, — thoogh 
they  are,  and  apparently  hove  always  been,  as  favoor- 
able  for  the  deposition  of  tiediment  aa  they  were  when 
the  Tertiary  fofmations  were  copiously  deposited,*— and 
thoagh  ttiey  have  been  upheaved  to  an  amount  quit© 
BnfRcient  to  bring  op  strata  from  the  depths  the  moat 
fertile  for  animal  life, — can  be  explained  in  accordance 
with  the  above  proposition.  As  a  deduction,  it  was  also 
attempted  to  be  shown,  Brat,  that  the  want  of  close 
eequence  in  the  fossils  of  saecesaive  formations,  nnd  of 
Bucci??sive  stages  in  the  same  formation,  would  follow 
from  the  improbability  of  the  same  area  continuing 
slowly  to  subside  from  one  whole  period  to  another,  or 
even  daring  a  single  entire  period ;  and  secondly,  that 
certain  epochs  having  been  favourable  at  distant  points, 
in  the  B;ime  qunrter  of  the  world  for  the  synchronous 
accumulation  of  fossiliferous  strata,  would  follow  from 
movements  of  subsidence  having  apparently,  like  those 
of  elevation,  contemporaneously  affected  very  large 
areas. 

There  is  another  point  which  deserves  some  notice, 
namely,  the  analogy  between  the  upper  parts  of  the 
Patagonian  Tertiary  formation,  as  well  as  of  the  upper 
possibly  contemporaneous  beds  at  Chiloe  and  Concep- 
cion,  with  the  great  gypseous  formation  of  Cordillera ; 
for  in  both  formations,  the  rocks,  in  their  fusible  nature, 
in  their  containing  gjpsum,  and  in  many  other  cha- 
racters, show  a  connection,  either  intimate  or  remote, 
with  volcanic  action;  and  as  the  strata  in  both  were 
accumulated  during  subsidence,  it  appears  at  6rst 
1  to  connect  this  sinkiug  movement  with  a  state 
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of  high  activity  in  the  neighbouring  vplcanos.  During 
the  cretaceo-oolitic  period  this  certainly  appears  to  have 
been  the  case  at  the  Puente  del  Inca,  judging  from  the 
number  of  intercalated  lava-streams  in  the  lower  3,000 
feet  of  strata ;  but  generally,  the  volcanic  orifices  seem 
at  this  time  to  have  existed  as  submarine  solfataras,  and 
were  certainly  quiescent  compared  with  their  state 
during  the  accumulation  of  the  porphyritic  conglomerate 
formation.  During  the  deposition  of  the  tertiary  strata 
we  know  that  at  S.  Cruz,  deluges  of  basaltic  lava  were 
poured  forth  ;  but  as  these  lie  in  the  upper  part  of  the 
series,  it  is  possible  that  the  subsidence  may  at  that 
time  have  ceased :  at  Chiloe,  I  was  unable  to  ascertain 
to  what  part  of  the  series  the  pile  of  lavas  belonged. 
The  Uspallata  tuffs  and  great  streams  of  submarine 
lavas,  were  probably  intermediate  in  age  between  the 
cretaceo-oolitic  and  older  Tertiary  formations,  and  we 
know  from  the  buried  trees  that  there  was  a  great  sub- 
sidence during  their  accumulation ;  but  even  in  this 
case,  the  subsidence  may  not  have  been  strictly  con- 
temporaneous with  the  great  volcanic  eruptions,  for  we 
must  believe  in  at  least  one  intercalated  period  of  eleva- 
tion, during  which  the  ground  was  upraised  on  which 
the  now  buried  trees  grew.  I  have  been  led  to  make 
these  remarks,  and  to  throw  some  doubt  on  the  strict 
contemporaneousness  of  high  volcanic  activity  and 
movements  of  subsidence,  from  the  conviction  impressed 
on  my  mind  by  the  study  of  coral  formations,*  that 
these  two  actions  do  not  generally  go  on  synchronously ; 
— on  the  contrary,  that  in  volcanic  districts,  subsidence 
ceases  as  soon  as  the  orifices  burst  forth  into  renewed 
action,  and  only  recommences  when  they  again  have 
become  dormant. 

■  The  Structore,  &o.  of  Coral  Reefs,  1st  ed.  p.  140 ;  2nd  ed.  p.  18a 
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thf  nphftaral  of  tte  M-:-Tj?  Hrrrrc&a  ftraU;  bet  tb«« 
ii!  tKmte  reafifjn  to  Fospect  that  one  period  of  snbsidenoe 
iriterFPDf:d.  during  which  mnd  was  deposited  over  the 
Cfpir-t  &and  of  the  BarrancaB  de  S.  Gregono,  and  on  the 
hi^lj'^r  parta  of  Bands  Oriental.  The  mammifexpos 
animals  charact'jri^tic  of  this  formaHon,  many  of  which 
diffirr  m  mnch  frooi  the  present  inhabitants  of  Sonth 
Amen'ca,  as  do  the  eocene  mammals  of  Europe  from 
the  present  ones  of  that  quarter  of  the  globe,  certainly 
co-*ritisted  at  B.  Blanca  with  twenty  species  of  moUosca, 
one  bilanna,  and  two  corals,  all  now  living  in  the 
adjoining  sr-a:  this  is  likewise  the  case  in  Patagonia 
with  the  ftlacrauchenia,  which  co-existed  with  eight 
shells,  still  the  commonest  kinds  on  that  coast.  I  will 
not  repeat  what  I  have  elsewhere  said,  on  the  place  of 
habitation,  food,  wide  range,  and  extinction  of  the 
niimeroDS  gignntic  mammifers,  which  at  this  late 
perifid  inbubited  the  two  Americas. 

The  nature  and  gronping  of  the  shells  embedded  in 
the  old   Tertiary  formations  of  Patagonia  and  Chile, 
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show  us,  that  the  contiaent  at  that  period  must  have 
stood  only  a  few  fathoma  below  its  present  level,  and 
that  afterwarda  it  subsided  over  a  wide  area,  700  or 
800  feet.  The  miuiDer  in  which  it  has  since  been  re- 
broaght  np  to  its  actual  level,  was  described  In  detail 
in  the  Eighth  and  Ninth  Chapters.  It  was  there  shown 
that  recent  shells  are  fonnd  on  the  shores  of  the  Atlan- 
tic, from  Tierra  del  Foego  northward  for  a  space  of  at 
least  1,180  nautical  miles,  and  at  the  height  of  about 
100  feet  in  La  Plata,  and  of  400  feet  in  Patagonia. 
The  elevatory  movements  on  this  side  of  the  continent 
have  been  slow  ;  and  the  coast  of  Patagonia,  up  to  the 
height  in  one  part  of  950  feet  and  in  another  of  1,200 
feet,  is  modelled  into  eight  great,  step-like,  gravel- 
capped  plains,  extending  for  hundreds  of  miles  with  the 
same  heights ;  this  fact  shows  that  the  periods  of  denu- 
dation (which,  judging  from  the  amount  of  matter 
removed,  must  have  been  long-continued)  and  of  eleva- 
tion were  Bynchronous  over  surprisingly  great  lengths 
of  coasts.  On  the  shores  of  the  Pacific,  upraised  ihells 
of  recent  species,  generally,  though  not  always,  in  the 
same  proportional  numbers  as  in  the  adjoining  sea, 
have  actually  been  fonnd  over  a  north  and  sooth  space 
of  2,075  miles,  and  there  is  reason  to  bjlieve  that  they 
occur  over  a  space  of  2,480  miles.  The  elevation  on 
this  western  side  of  the  continent  hoa  not  been  equable ; 
at  Valparaiso,  within  the  period  during  which  upraised 
shells  have  remained  nndecayed  on  the  surface,  it  has 
been  1,300  feet,  whilst  at  Coqnimbo,  200  miles  north- 
ward, it  has  been  within  this  same  period  only  252 
feet.  At  Lima,  the  land  has  been  uplifted  at  least 
eighty-feet  since  Indian  man  inhabited  that  district ; 
but  the  level  within  historical  times  apparently  has 
subsided.  At  Coquimbo,  in  a  height  of  S64  feet,  the 
elevation  baa  been  interrupted  by  five  periods  of  com^ 
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intersect  no  formation  older  than  the  Patagonian 
deposits ;  so  equable  has  been  thp  upheaval  of  the  beds, 
that  throughout  this  long  line,  not  a  fault  in  the  strati- 
fication or  abrupt  dislocation  was  anywhere  observable. 
Looking  to  the  basal,  metamorphic,  and  plutcnic  rocks 
of  the  continent,  the  areas  formed  of  them  are  likewise 
vast ;  and  their  planes  of  cleavage  and  foliation  strike 
over  surprisingly  great  spaces  in  uniform  directions. 
The  Cordillera,  with  its  pinnacles  here  and  there  rising 
upwards  of  20,000  feet  above  the  level  of  the  sea, 
ranges  in  an  unbroken  line  from  Tierra  del  Fuego, 
apparently  to  the  Arctic  circle.  This  grand  range  has 
suffered  both  the  most  violent  dislocations,  and  slow, 
though  grand,  upward,  and  downward  movements  in 
mass :  1  know  not  whether  the  spectacle  of  its  immense 
valleys,  with  mountain-masses  of  once-liquefied  and 
intrusive  rocks  now  bared  and  intersected,  or  whether 
the  view  of  those  plains,  composed  of  shingle  and  sedi- 
ment hence  derived,  which  stretch  to  the  borders  of  the 
Atlantic  Ocean,  is  best  adapted  to  excite  our  astonish- 
ment at  the  amount  of  wear  and  tear  which  these 
mountains  have  undergone. 

The  Cordillera  from  l^erra  del  Fuego  to  Mexico,  is 
penetrated  by  volcanic  orifices,  and  those  now  in  action 
are  connected  in  great  trains.  The  intimate  relation 
between  their  recent  eruptions  and  the  slow  elevation 
of  the  continent  in  ma&s,^  appears  to  me  highly  impor- 
tant, for  no  explanation  of  the  one  phenomenon  can  be 
considered  as  satisfactory  which  is  not  applicable  to 
the  other.  The  permanence  of  the  volcanic  action  on 
this  chain  of  mountains  is,  also,  a  striking  fact ;  first, 
we  have  the  deluges  of  submarine  lavas  alternating 
with  the  porphyritic  conglomerate  strata,  then  occa- 

*  On  the  connection  of  certain  VoJcanic  Phenomena  in  Soath 
America.    *  Geolog.  Transact./  vol.  v.  p.  60U. 
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sionally  feli.1sp<ttIiio  streams  and  abondaDt 
exhatatioits  during  the  gypseoas  or  cretace 
period ;  then  the  eraptions  of  the  Uspallata  rat 
at  an  ancient  but  unknown  period,  when  the  A 
np  to  the  eastern  foot  of  the  Corrlilleraj  stroami 
Baltic  luva  at  the  foot  of  the  Portillp  range ;  t1 
old  Tertiary  ernptions;  and  losHy,  there  are  h 
there  amongst  the  mountains  much  worn  boi 
rently  very  ancient  volcanic  formationa  withf 
cratei-s;  there  are,  also,  craters  quite  extinct,  ant 
in  the  condition  of  solfataras,  and  others  occft 
or  habitually  in  fierce  action.  Hence  it  would 
that  the  Cordillera  has  been,  probably  witi 
quiescent  i)eriods,  a  source  of  volcanic  matter  1 
epoch  anterior  to  oar  cretoceo-oolitic  fonnatitn 
present  day;  and  now  the  earthqiiatea,  daily  n 
on  some  piirt  of  the  western  const,  ffive  litt 
tliiit  the  siit>terr8nE'nn  energy  is  expended. 

Recurring  to  the  evidence  by  which  it  wai 
that  some  at  It^ast  of  the  parallel  ridges,  which  t 
compose  the  Cordillera,  were  Buccessively  and 
upthrown  at  widely  ditferent  periods;  and  t 
whole  range  certainly  once,  and  almost  certainl; 
Eubi'ided  some  thousand  feet,  and  being  then  1 
np  by  a  slow  movement  in  mass,  again,  during 
Tertiarj-  formations,  subsided  several  hnndred  fi 
ngriiu  was  brouf^bt  up  to  its  present  level  by  a  a 
oflcn  interrupted  movement;  we  see  how  opj: 
this  coniplioiited  history  of  changes  slowly  eife 
the  views  of  those  geologists  who  believe  tl 
great  mountain-chain  was  formed  in  late  tim' 
single  blow.  I  have  endeavoured  elsewhere  to 
that  the  excessively  disturbed  condition  of  th( 
in  the  Cordillera,  bo  far  from  indicating  single 
'  '  Qeolog.  TiansBct.,'  vot.  r.  p.  62S. 
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of  extreme  violence,  presents  insuperable  diflSculties, 
except  on  the  admission  that  the  masses  of  once  lique- 
fied rocks  of  the  axes  were  repeatedly  injected  with 
intervals  sufficiently  long  for  their  successive  cooling 
and  consolidation.  Finally,  if  we  look  to  the  analogies 
drawn  from  the  changes  now  in  progress  in  the  earth's 
crust,  whether  to  the  manner  in  which  volcanic  matter 
is  erupted,  or  to  the  manner  in  which  the  land  is  histo- 
rically known  to  have  risen  and  sunk :  or  again,  if  we 
look  to  the  vast  amount  of  denudation  which  every  part 
of  the  Cordillera  has  obviously  suffered,  the  changes 
through  which  it  has  been  brought  into  its  present  con- 
dition, will  appear  neither  to  have  been  too  slowly 
effected,  nor  to  have  been  too  complicated. 

Note. — As,  both  in  France  and  England,  translations  of  a  passage 
in  Prof.  £hrenberg*s  Memoir,  often  referred  to  in  the  Eleventh 
Chapter  of  this  volume,  have  appeared,  implying  that  Prof.  Ehrenberg 
believes,  from  the  character  of  the  Infusoria,  that  the  Pampean  for- 
mation was  deposited  by  a  sea-debacle  rushing  over  the  land,  I  may 
state,  on  the  authority  of  a  letter  to  me,  that  these  translations  are 
incorrect.  The  following  is  the  passage  in  question  : — *  Durch 
Beachtungder  mikroscopischen  Formen  hat  sich  nun  feststellen  lessen, 
dass  die  Mastodon  ten-Lager  am  La  Plata  und  die  Enochen-Lager 
am  Monte  Hermoso,  so  wie  die  der  Riesen-Giirtelthiere  in  den 
Dunenhilgeln  bei  Bahia  Blanca,  beides  in  Patagonien,  unveriinderte 
brakische  Siisswasserbildungen  sind,  die  einst  wohl  sammtlich 
sum  obersten  Fluthgebiethe  des  Meeres  im  tieferen  Festlande 
gehurten.' — MonaiihtriokU  der  UonigU  Akad,  eto.t  *u  Bo  lik  vt»m 
Aj}rU  1846. 
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APPENDIX  TO  PAET  IL 


DESCRIPTIONS  OF  TERTIARY  FOSSIL  SHELLS 
FROM  SOUTH  AMERICA. 

By  G.  B.  SOWERBY,  Esq.,  F.L.S.,  &o. 


Maotba.  P  btjoata. — PL  U.  fig.  8. 

Mactra  f  testd  Movgd,  tenutj  turgidd,  latere  antico  alif'ore,  rofim* 
datOf  postico  lonyiore-f  acuminato ;  Imeis  incrementi  ruffos  co/i* 
centricas  eJfor7nanlibu8, 

The  shell  itself  is  changed  into  Gypsum. 
Santa  Cruz,  Patagonia. 

Maotba  Dabwinh. — ^Pl.  IL  fig.  9. 

Mactra  testd  ovalij  BuheBquilateralif  subventricosd,  tenmusculdf  iavi, 
concentrich  stnaid,  antick  rotundatdj  postic^  obsoletissimi  sulh' 
qttadratd. 

It  is  impossible  to  get   at  t.      hinge,  wherefore  it  cannot  be 
ascertained  positively  to  be  a  Mac.  i. 

Santa  Cruz,  Patagonia. 

Cbassatella  Ltelui.— pi.  II.  ficr.  10. 


Crassatella  testd  oblongd,  planiu^ctdd,  tenuiuscufd,  pnstici  angidatd, 
margine  postico  dorsali  declivi,  mperjicie  mlcis  obtusis,  remoiis, 
Umgitudinalibus  omatd. 

This  species  most  nearly  resembles  CrassateUa  lameliosa   of 
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CORBIS?    I^TIGAT*.— PL  n.  flg.  11. 

CoiHt  tmtd  ovato-rotimdatd,  rentricotS,  keeigald,  margint  i 
laoi:  long.  3-2  i  lot.  2-,  alt.  27,  poll 

It  is  not  without  boiub  be^Ulwa  thnt  I  haye  placed  this  in 

iretius  Coibit,  iiItbou<;b  it  is  of  the  i&me  geiier*]  form  as  most  or  tliA    | 
known  species  Ol"that  bbqur.    It  is  quite  free  from  axteraftl  ru^sity 
or  IftmeiliB.     There  are  two  sjjeciinacis,  both  of  them  w>  impi<rfect 
that  it  18  inipossibla  to  aaceriaia  with  curtaiutf  Uia  ciiwactdt  of 
the  litnge  and  rausculu  impreesioDa. 
NaTidad,  Chile. 

TellinidesP  OBLoaei. — Fl.  II.  &$>.  19. 

Trlli'ilihf  f  If,-ifi1  'thUmgi,  tahicqaSlatfi-ali,  anfrriut  al/iort,  pot' 
hi-i  ■  r,  .  ■■(■■■  ■  ■■;■  .  utr&qae  rofiinditd;  diieo  glabra,  Unfit 
•■  ■     -:nin<it-i:  lon:i.  l-.'t;  all.  07, poll. 

This  shell  is  very  thin,  and  being  embedded  iu  a  hard  compact 
stnne,  all  aticmjiw  iu  ir«t  at  the  hinge  have  proved  aborliie ;  it  ia 
tbtrefore  placod  in  Tettinid^i  as  the  f^enua  to  wbir.h  it  approHCbea 
m<)9t  nearlj  m  eitenial  cbaractara.  M.  dX)rbigDj  cooaidan  it  a 
SelmeUa. 

Cbiloe,  eastern  coast. 

Venitb  KEBiDiOHAua.— P).  n.  fig.  13. 

FeitiM  teitd  oral!,  plnna-onoexd,  coiccnlrid  itriatd,  ftriit  ncufit, 
diitantibua,  tui-eirvatit,  inferitiliu  radiatim  obtoUti  ttriatti  ,- 
marginf  mitiutisaimi  crtnulato. 

This  so  cloaelT  resembles  V.  exnlhid-i,  Lara,  in  shape,  as  not  to 
be  diaiinguishahle,  except  bj  the  radiating  stria  and  the  finolj 
crenulated  margin. 

Santa  Cnu,  Patagonia ;  and  Navidad,  Chile.' 

Oyieeeb*  arLcnLOB*. — PI,  II.  Eg.  14. 

(^'hrrea  ttsf4  tahooatS,  anlid rotundatiure,pMtici lonyiore,  ocumf- 
natiuictdd,  obtutd ;  eulcu   cQncentricit,    con/erliueculii,   medio 
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obtusiSf  antich  poxtic^que  acutioribm  omatd:  long,  1*;  alt,  0*7; 
lot.  0-4,  poll. 

I  have  compared  the  single  valve  of  this  with  numerous  recent 
and  fossil  Veneres  and  Cytherea,  without  Veing  ahle  to  identify  it 
with  anj.  As  I  have  not  been  able  to  see  the  hinge,  1  have  only 
judged  It  to  be  a  Cytherea  from  analogy. 

Chiloe^  eastern  coast ;  islands  of  Huafo  and  Ypun  P 

Cabdittm  Ptjelchtjm. — PL  11.  fig.  16. 

Cardium  testd  mbgloboBd^  tenvi,  l(Bvius€uld,  latere  postico  stibeari- 
nolo,  mperfide  stritB  radiantibus,  numej'osisshms,  confei-tmimiB 
instnictd. 

The  radiating  striss  and  the  interstices  are  nearly  equal  Nearly 
the  whole  outer  surface  is  gone  from  both  specimens. 

Santa  Oruz,  Patagonia. 

Cabdixtm  iniLTiBADiATini. — PL  n.  fig.  16, 

Cardtum  testd  subglobosd,  coste/lis  radtanttbtu  post  ids  1 3,  rotundafia, 
mediants  plitrimis  planttlatiSf  mterstitiis  rotundatis;  margmB 
denticulato. 

These  are  all  the  characters  that  can  be  given,  as  there  is  onlj 
the  posterior  portion  of  one  valve ;  of  course  the  general  form  la 
only  surmised,  and  the  proportions  cannot  be  ascertained. 

Kavidad,  Chile. 

CaRDITA  PATAGOinOA. — PI.  IT.  fig.  17. 

Cardita  testd  Bubtrapez]formi'rotunddjtumidd^  subcordiform%,mboh» 
liqud,  costi's  radiant ibiis  24,  angustiSf  angulatis,  squamoxo-serra* 
tiSf  interstitiis  latioribus. 

Nearly  related  to  C.  acuticostata,  and  may  be  distinguished  by 
having  fewer  and  more  distant  ribs. 

Santa  Cruz,  Patagonia. 

NucttlaP  gl abba.— pi.  IT.  fig.  18. 

Nucida  testd  ovato-oblongd,  glahrd^  nittddf  latere  anttco  breviore^ 
postico  magis  acwninato ;  marginibus  d*jrfalibus  declivis, 

I  have  referred  this  to  Nuctda,  because  there  is  no  external  ful- 
crum for  the  attachment  of  the  cartilage  and  ligament ;  the  nature 
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of  the  alnne  in  wliich  it  is  imbedded  liu  reodeicd  it  impossiUc 

espoAe  any  part  of  ihe  inmde. 
Santa  Crux,  Putagiiiiia. 

KnOTLi  0E5AT». — PI.  IL  fig.  19. 


A  beautiful  species  which  npparently  resembles  N.  TAmeil*- 
famtit  iniicutirat  6li>pe,but  ina^mucli  as  a  fi-tgiueutslone  hM  bee 
fbiud,  we  cannot  give  a  mars  complete  cliftrocler. 
Fort  Deure,  Falagonia. 

TsiooitooELu  ufsotiTi. — PI.  n.  6gB,  20,  21, 

Trigonoeelia  UHA  tahofali,  cramaiLrtild,  mlii^  ob/i^ii4.  Item  i  art 
tigamenti  trigonA,  iateribun  eUvati$t  dentiinu jmucii,  magnit. 

This  specisB  ie  more  unlihe  [he  trplcal  furm  of  Pectuneuiti* 
Ihfm  anj  wliich  hu  come  under  id;  otaerrRtion,  being  erea  moM 
oblique  than  the  P.  ohUquai  of  De  Fmum,  irom  which  it  dilTen 
mnrp  ivr  in  V'injj  smooth  oii  tlie  ouUiJe,  aud  deslilule  of  radia- 
ting lidges. 

Santa  Cruz,  Patagooiib 

CccnxLii  *LT*.— PI.  IL  figs.  22,  2S. 

CueuV/na  tettd  ovato-trap^iformt,  tubobliqtid,  etibrtujotd,  umhonffruM 
dif'tntibut,  ared  ligamenti  profunde  stdcatd,  impremonig  mu»- 
cvlaris  pntlicte  margiae  iientraii  etevatd. 

There  ie  a  cenriderahle  jtrimd  facie  resemblance  between  thii 
■pecies  and  CucxiUaa  dfcvtmta,  '  Min.  Cod.'  This  frnin  S.  Cnu 
may,  however,  be  ea<<ilT  disliuguiehed  from  the  British,  by  its 
greatei'  height,  ita  more  obliqii'i  I'urm,  aJid  by  the  greatei  number 
of  impressed  lines  on  the  ligamental  area. 

Sanla  Cruz  and  Port  Desire,  Patagonia. 

AlfOMIi    ALTERNAHB. — PI.  11.  fig.  ?5. 

Anomla  testit  taborh'culari,  eottfUii  radiant 0>tii plurmia,  mbtqmt- 
miferit,  altei-nis  mjnoribut. 

There  ia  onlj  a  single  valve  of  thie  species. 

Coquimbo,  Oliilfl. 
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TEBBBB4T1TU  PATiaoBlC*.— PI.  II.  flpa.  20,  27. 

Terebratula  tettd  ovali,  tew',  valoit  feri  aqunltler  eoncftiv,  dorsnli 
prodaetd,  incurvd,  fornmiax  mai/no,  ad  mnrginem  valvaruia/ei-i 
pnrnVelo  ;  deltidiie,  mediucr&tiai  artd  oaTdintdi  amcand,  j  tmgi- 
tudinit  tettt;  margine  tmtico  inteffro. 

Slightly  ditrerent  ftnm  the  T.  vaiiabUii  of  the  Briiish  Cr«(r, 
{vidB '  Min.  Cod.'  t.  676.  IF.  2  to  6)  to  whicb  however  it  is  vety 
luuirly  relateil,  sm  it  is  also  to  the  T.  bitaaiata,  Lnm.,  of  the 
Paris  basin.  It  mny  be  diatinguisbed  from  both  bj  its  baring  no 
■inus  ID  the  anterior  mm^iit. 

San  Josef  and  San  Julian,  Patagonia. 


Pectgn  aEMiNATna— pi.  II.  fig.  24 

Peden  tntd  ^ipavidvi,  ova/.d,  aurleulia  inagualibia,  coatu  radianli- 
but  tquanaUifrrit  22,  geminalu ;  in/gritilm  altemu  latinribiit, 
ti<mntini{unm  cotid  tninore  inttnictd:  auriculd  altttd  magiid 
radiatim  cottatd. 

In  general  form  this  species  resembles  Pteten  ttxtorivt  (Schlot.) 
Qoldf.  Tab.  XU.  f.  9,  but  it  has  very  few  more  than  balf  tbe  num- 
ber of  ribs,  which  in  the  present  species  are  disposed  in  pairs.  The 
P.  tfxtm-iut,  moreover,  belongs  to  the  Liaa  and  inferior  Oidite,  o*- 
cording  to  Goldfiiss. 

Sao  Julian,  Patagonia. 


Pbothn  D4KWiNiAKUs.—D'0rbig.  'Voyage,  Part.  Pal,' 

(PI.  III.  figs.  28,  20,  of  this  work.) 

Pecten  itftd/eri  orbtcvlart,  luba^quivah-i,  tmui,  ulringue  eonvrxiiu- 
cold;  exttta  lavi,  intus  co»fu  rniliantibiit,  per  paria  ditpotitii, 
propi  Cfiiiftwn  wiintit  aonspkuu ;  auricitlu  paroia. 

Like  Pert.  Plturimectn,  P.  Jnpfyniciu,  and  P.  obtiteraliu  in 
genemlcharactfrs,  but  ea<iily  di»tii)^ui;<lied  from  sll  th^e  by  the 
circumslRnce  of  its  iotemal  radiating  ribs  being  disposed  in  pairs. 
'JTiis  species  has  been  oaioed  and  described  by  M.  d  Orbigiiy,  but  as 
his  description  is  very  brief,  owins-  to  the  condition  ol'  his  speci- 
neDs,  and  is  unaccompanied  by  an;  figure,  I  havo  thought  it 
■dvissble  to  append  tbe  above  ap?ciBc  character. 

San  Josef,  Patagonia ;  and  SL  T6,  Entn  Rio«. 


PEOTBNPiEJtBBtreiB.— D'Orbig. 'VoTftge,  P»rt.Pal.'(PL  III. 

fig.  30  of  thU  work.; 

Thia  species  hia  been  figured  and  fully  described  by  M.  d'Or- 
bi^'ri;,  uid  lias  been  tLccidaatallj  reBgured  here. 


Phothu  oBSTiiAMs, — PL  m.  fig.  31. 

Fteten  tmtd  an/ieirci'Iari,  ilepresed,  radiig quinqiie  tqiiamiiiiferu  ceit^ 
trail  fminrntiore,  linau  radiaidthus  atperie  niitnerMttque  omata : 
awiculit  miijpda,  tubapailibiu  t 

A  ^n(;te  fni^ent  of  this  remarkniile  apidea  was  Touod  »t 
Port  S.  Julinti:  two  others  wurt-  brought  from  Port  Duaire.  Tht«« 
frftgmi'nta  nre  nil  of  the  sama  side,  so  that  we  are  as  yot  but  very 
iinperfectly  acquainled  with  the  species. 

Sao  Juli&D,  Port  DeBire,  Santa  Oiui,  Patitgonia.  .^ 


PBormr  lOrnKDBB.— PI.  in.  fig.  33.     - 

Pecteti  tatd  tiiio'-biculnri,  amvexititculd,  Iniui,  vnlvis  tubaqualAut, 

radiis  prindpalibaa  tubdevafit  circa  Sfl,  intertnedtii  3-7 
minorihtui,  oiiinibut  tqiamuUferis ;  aui-tculit  inaqiuili^v. 
radiaiiia  tquaimtUferit,  aUerd  maynd,  porrectd,  allrrd  parvd, 

ReTDarknble  for   its  priocipal  ribs  being   Dumeroufl  and  only 
eli^'htlr   devHted,  and  fur  ita  iatermediate  riba  being   very   uu. 


PraTTEN   XCDI8.— PI.  III.  fig.  32. 

Pecten  teitd  miborhiculari,  mbina^guiralH,  craetiuKvld,  noli,  coatit 
radiantibut  '22,  rotundatU,  tntrrtfi/iU  angutlioribus :  inteifnrdm 
nanmmiiuam  firi  obsoletit:  nuirgine  voiidi  undulalo. 

T  lie  specimen  isonly  a  fragment;  another  fragment  aocompanie* 
it,  nhicli  may  possibly  be  the  opposite  valve. 
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Obepidula.  GBEaiBEi^— pi.  III.  fig.  34. 

Crepidula  teitd  oblongd,  intortd,  crowd,  tuhrugotd;  iept«  eloaffata, 
tubtpirali,  Ittui;  vertict  lubmarffiiwU. 

This  epecies  is  remarkahle  for  ita  leQgthpQF^  ffira ;  it  is  foand 
(rmuped  together  in  an  argillaceoufi  eatidstone  of  a  (pvyuh  colour. 
It  bears  a  strong  |i:b"B''i>1  iveembttince  to  Orrpidula  fornicate, 
which  ia  found,  similarly  crouped,  on  the  coast  of  New  York, 
N<jw  England,  and  generally  on  the  Atlantic  coasts  of  North 
Amorico. 

Santa  Cnu,  FatBgooia. 

BuLU  oosHOPHiu.— Fl.  m.  fig.  31 

SuBa  iettd  tubcffiindraced !  titremiiatibut  obtiuu,  ratioidatit, 
anticd  paiUulum  iatiore;  ttriii  numa-o»i»,  confertis,  trant- 
ver$a,  interatitiu  angtutiortbaa planitucalu :  long,  09;  lot.  0'4. 

I  do  not  find  anj  character  to  distiog-ui^h  this  from  the  fowiil 
which  abounds  in  Uie  neighbourhood  of  Bordeaux,  and  which  is 
also  found  near  Paris  and  in  Normandy,  and  which  Deshajes  has 
regarded  as  merely  a  variety  of  Sulla  ligtiaj-ia,  Auct,  from  which 
however  it  ma;  easily  be  dlatinguiahad  by  its  much  mora  cylindri- 
cal form. 

Huafo  Island,  Oliile. 

SiOAREirB  BVBeLOBOsuB.— PI,  III.  Ogs.  36, 87. 

Bigaititu  tatd  mibgloboid,  anfraclibut  qualuor,  ipiralUer  amcmnt 
nilcaliti  long.0-9;  lal.6-8i  alt.065,poll.  , 

Tbe  spiral  grooves  and  intermediate  ridges  are  verj  nearly 
equal  in  general,  thouch  aometimes  rather  irregular.  This  ia  the 
most  concave  species  of  Adaoson's  Sigare'.ia  that  I  have  ever  seen, 
tbe  position  or  its  aperture  being  much  less  inclined  to  the  longi- 
tudinal axis  than  it  is  even  in  the  S.  vmcavm,  Lam.,  a  recent 
■pedes  common  at  Valparaiso. 

Navidad,  Chile ;  and  Ypun  Island,  Chonos  Archipelago. 

NiTiOi  pmoLi.— PL  m.  flg.  38. 

A'atifa  tafdosatO'^ubghbotd,  glabrd,aj\fractibux  guatuor,  wtiibilico 
magna,  patulo. 

A  BiD|;le  individual  of  this  small  species,  which  appears  as  tax 
u  I  con  judge  to  be  distinct  &om  any  of  the  recent  specieSf  occurs 
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in  the  same  sort  of  rock,  naroely,  a  very  bard  «nd  very  Astrk  ollvB 
preen  eandstone,  with  Iba  roUowin^  apecies.  Tiie  difliculty  of 
daCschiog  the  fliore  from  the  shells  lift*  preveoted  iiie  from  ascer- 
toining  with  c  uu^ij  nhuthar  or  not  there  be  u 


NiTTO*  STKIOLiTA.— PL  HI.  fig.  89. 


1 


Katica  letl4  depregiiiando-tubglobosd,  crratiuaeald,  g!abr4, , 

tibuM  guaCuor  ml  quinipir,  ultimo  maxiato,  rpiralUer  au-bttriata, 
ttriii  gubdiftantibia ;   callo  iimbiliciili  tnagnii,  timbiticum 
nini  obUjiente,  ad  labium  internum    {iicra$ealun\  antici 

Tblt  species  resemblea  Swnioson's  Natica  meUutoma  m  geti 
fbrm,  US  well  u  in  the  umbilical  callua :  it  is  however  rnther  more 
circuior  and  the  umbilical  calliu  is  rounder.      Judging  from  tba 
apparent  general  form,  I  at  Grst  eight,  when  I  only  saw  the  upper 
Burfaee,  had  taken  it  for  $i^arefu«conciit'u«,  which  italaoresemhles;  ^^ 
and  I  was  not  undeceived  until  by  clearing  Bwaf  the  stone  I  dt»-  *^| 
cnv.^red  tlie  urnliilicil  callus.      There  are  two  epecimens  of  this    ^^ 
species. 

Ohiloe,  eagtcra  coast. 


Natiu  bouda.— pi.  III.  G^.  40,  41. 

Natica  tetlS  tulglobotd,  cranid,  lam,  ipird  brevi,  anfractihu*  qtiin- 
que,  tutwd  iiibincanfpiimd,  a/inturd  ovali,  labia  eoluTneilari 
pottici  <Taisi>simo,umbilico mediocii,  callo panio:  long.  1'8;  lat. 
16,poU. 

This  most  nearly  resembles  a  -very  common  recent  species, 
which  has  generally  been  confounded  with  JV.  mamilla,  but  which 
I  have  lately  received  from  D'Orbrgny  tinder  the  name  of  y.  Ubtr 
of  Valenciennes,  it  may  be  distinguished  from  that  Bpecieabr  being 
almost  destitute  of  the  umbilical  callosity.  The  only  specimen  is 
very  much  worn,  particularly  About  the  spire,  so  that  the  trae 
character  of  the  suture  is  only  discernible  in  one  part,  and  the 
general  appearance  of  tba  specimens  conveys  the  deceptive  notion 
of  a  deep  and  broad  channelled  suture. 

Several  specimens  of  a  Natica,  closely  rpfemhling,  but  poaaihly 
distinct  from  this  species,  were  procured  at  Fanta  Ciaz ;  they  are 
in  (t  much  disguised  state,  and  only  a  smsll  jiortion  of  the  shell 
itself  remains,  particularly  of  the  outer  coals  about  the  suture, 
which  consequently  appears  very  deep  and  distinct,  whereM  when 
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Well  preBerved  the  Buture  is  sMraely  distiiiiruiBiuibla ;  M.d*OrlBgnj 
coosioera  the  S.  Oruz  species  are  eertninly  dtadnct. 
Naridad,  Ohile;  Suta  Cruz,  FatftgomiP 


ScALABiA  KUGCtiBA. — PI,  in.  fig«.  42,  48. 

Seolaria  tatdacuminato-pi/ramidali,  crauai»cutd,omairw  mffuhld, 
varici&us  numeroait,  crauit,  ntundatit;  inlirttitiii  rpiraliter 
obtoUti  mlcatu. 


San  Julian,  Patigoni 


TlOI-HUB  OOLL&RU.— FL  Itl.  figs.  44,  4S. 

Troehut  tettd  corned,  lam,  an/raetiha  tubaqualibut,  tenuutmi 
trantnereim  Hriatu,  pattiei  propi  tuiwaa  tuieri-ulit  minutit 
»eriatim  cinctit,  infra  tubamvexii,  tpirali/er  tenuiter  striatii ; 
opertura  angido  txtemo  ocuto ;  long.  0'46  ;  lat.  055,  poll. 

A  TeT7  Hrciall  portion  of  tbo  outer  surii&ce  remains,  the  inner 
coat  is  wholl;  covered  with  \  yellowish  green  and  reddish  irides- 
cence. Umbilicus  aa  far  aa  I  caDJud|{e  the  Mme  as  in  the  following 
species,  TV.  Utm*.  This  mar  pnMiblj  be  only  a  young  shelloftbat 
■peciee,  (and  is  ao  cmsidered  by  U.  d'Orbigny)  as  it  is  only  distin- 
guished by  a  row  of  Ten  small  ti;bercleB  placed  immediatdy  under 
the  suture,  which  may  hare  existed  in  that  rpeciea  when  younf;; 
and  it  must  be  observed  that  the  first  volutions  are  broken  from 
both  the  specimens  of  Tr.  lavit. 

Navidad,  Chile,  Santa  Onu,  FalagoDia. 


Tbochub  I.XVIE,— FL  III,  figs,  46,  47. 

rrocAiw  IkH  eonicd,  lavi,  anfraetibui  tubtegtialibut,  pOiHei  tutyi- 
diutcuiu,  attiici  tattastimi  tranivtnim  itriatii,  tn/ra  mbam- 
cavit,  tpiraliter  tetmiler  atriatit;  aperturd  rhaniboided,  anffulo 
externa  acuta ;  umbUieo  medioeri,  intiu  bBoimme,  l^to  inUmo 
tvbmcrawiio ;  long,  1'3;  lat.  2', poll. 

The  remainaof  the  pearly  inner  coats  are  beautifully  IridMOeot 
in  this  species ;  the  outer  aurrace  i*  dulL 
Navidsd,  Chile. 
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TBBRlTBIXi  p4T\aoHI04.— PI.  III.  fifT.  48. 

TurriUtia  UtiA  elongalo-eonlfi,  emfraetlbia  decrm,  S  ad  4  cosfatit,  I 

tvttU,  intemifdid  anlicdque  eiiliubsoletd  minonbia,  posticd  tul^•  I 

nctttd,  »utgranotd  mnjori,  tertid  carinam  rjjonnantes  auturd  | 
iiuliitinctd. 

Tbis  Turri'eBa  it  probsbly  only  a  Tariotj  of  T.  cin^ulata,  and 
it  more  clofielj'  resemblefl  this  species,  cvan  tban  tlie  following 
ones,  inasmuch  ae  its  rohitiona  Incrensq  in  the  more  rapidly  than 
in  dlhet  tbe  T.  CliBmmi  or  T.  rnnbulacrion.  In  some  respccta 
tbis  reeetublra  T.  carim/era  of  Desbajes ;  it  is  not  bonerer  n^srlj 
•0  lon(^  in  proportiiiQ  to  its  widCb.  I  bave  adopted  a  name  sug^ 
geated  by  D'Orbijny. 

Port  Desiie,  Patagonia ;  aad  frag^enta  at  Navidad,  Chile. 


TDBBlTBLiU  AMBCWCnUM, — ^Pl.  III.  fig.  49. 

T^urritHla  Uttd  ek/ngato'turrild,  anfracCibut  dfeem,  tpiraliter  trim 
OMtatif,  poiteriorum  eottit  aqunWifit,  anterioram  cotid  artlkd 

poifirdqve  mnjaribut,  intmncdid  mi'7iorii  iiiturd  in  eulcumpro' 
fvvdiim  poai'd. 

A.  Tery  remarkable  spraiea,  wbicb  aomewbat  Teumblea  ft  re- 
cent one  in  my  possession  ;  tbe  tiro  may  however  be  easily  dlstin- 
giiisbed.  In  tbe  recent  apecies  tbe  two  spiral  ridges  are  much 
nenrer  to  each  otber  than  tbey  are  in  the  fossil;  and  tbe  apiral 
groove  at  tbe  suture  ia  much  deeper  and  narrower  in  tbe  Kiaail 
Uian  in  the  recent. 

Santa  Cruz  and  San  JTulinn,  Patagonia. 

TuBBiTELLi  Chilbitsib.— PI.  TV,  fig.  61, 

Turri'dla  teild  ehngato-tarritd,  anfractibiu  dtctm,  ventrieoelt, 
tpiraliter  tricotlatU,  cottugrantdosis,  miei-mtdid  majori,  luturd 
in  tulman  potitd. 

Nearly  related  to  Tioritella  Hnguiaia  (Sowb. '  Tank.  Cat,*) ;  it 
is  even  questionable  whether  it  might  not  be  regarded  tm  a  variety 
of  that  Bpeciea,  along  with  T.  PiUai/onica  and  T.  ambulaerum. 
In  deference  to  the  opinion  of  D'Orbign^,  who  baa  suggeated  the 
name,  I  have  been  inauced  to  describe  it.  The  principal  differ- 
ence between  tbis  and  T.  cingulata  are,  the  form  of  the  volutions, 
which  in  this  are  ventricoae ;  tbe  absence  of  narrow  intermediate 
ri^s;  and  tbe  greater  depth  of  the  groove  in  which  the  autura 
ia  placed.  From  T.  ambulacrum  it  dillers  princip  Jly  in  the  cir- 
cumstances of  tbe  central  rib  being  tbe  most  prominent,  while  in 


I 
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7*.  ofnbuiac/'um  it  is  the  least  prominent  The  ribs  in  the  latter 
species  are  but  cdightlj  granose,  and  the  groove  at  the  suture  is 
deepor. 

Huafo  and  Mocha  Islands,  coast  of  Chile. 


TXJBBITBLIA  STmJBAlIB.— PL  IIL  fig.  60. 

TurriteUa  testd  tvrritdf  tentdter  transversm  sttiatd,  ar^fractibitM 
9-10,  sutuvd  validd  divUU,  anticipostickque  tumidiuseuiiBypostid 
eminentiore. 

Fragments  alone  can  be  separated  from  the  hard  stone  in  which 
they  are  imbedded ;  it  has  therefore  been  impossible  to  g^ve  the 
proportions. 

Navidadi  Chile ;  and  Ypun  Island,  Chonos  Archipelago. 


PlEXTBOTOMA  8T7B.SQTTALI8. — ^Pl.  IV.  fig.  62. 

Pleurotoma  testd  oblongd,  tttrritd,  utrdque  extremttate  acuminatd^ 
anticd  breviori;  anfractUms  senis,  medio  carini/erUf  carind 
tvberculiferd ;  uitimo  cmfrtictu  cartnte  qmngue^  poaticali  tuber^ 
euUferd:  Umg.  0  6;  lat  0*26. 

The  specit's  which  most  nearly  resembles  this  is  an  undescribed 
recent  species  from  S.  America :  this  fossil  species  differs  however 
from  the  recent  oue  in  the  position  of  the  notch  in  the  outer  lip, 
which  in  the  f(;ssil  corresponds  with  the  posterior  tuberculiferous 
carina,  while  in  the  recent  one  the  notch  is  placed  half  way  between 
the  posterior  tuberculiferous  carina  and  the  suture.  There  are 
other  marks  of  dillerence,  but  this  may  be  considered  suificient,  as 
forming  at  once  a  distinct  criterion. 

Huafo  Island,  coast  of  Chile. 


PlEXTBOIOMA  T17BBINELL01DE8. — PL  IV.  fig.  63. 

Pleurotoma  testd  oblongdf  subventricosdf  tremsversim  tenuissimi 
mttricatostriatdf  anfractibus  quinis,  ventricosis^  ^}^  mediam 
tuberculatis,  tuberculis  aeuminatisy  ultimo  arUioi  Imeis  auatuor 
vd  quinque  obsolete  tuberculatis:  canalibrevi:  Umg,  Vf&\  lat. 
0-82,  poU, 

Very  different  from  any  other  known  Pleurotoma^  either  recent 
or  fossil ;  but  most  nearly  allied,  in  shape  particularly,  to  the  recent 
species  named  PI,  imp-rmlis  by  Lamarck. 

Navidad,  Chile. 
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PtEDBOTOHA  D1SC0E8, — Pi  IV.  fij,  64. 

Plrumtoma  tentd  futiformt-ivrritd,  r/iird  aimminatd,  artfraitiiui 
octo,  poitici  tetiuiMimi  tfoiuftnim  atrialU,  mrdio  fuberculiitii, 
ulliino  aatiei  itriit  erattit  tubtubfreiUatit  wtruclo ;  caaali 
elimgalo,  tfnailer  tranivertim  tlr'uUo;  et/himMd  rtctd:  U/nff. 
1-8;  lal.Q02,poa. 

A  species  which  apjieara  to  be  nearlj'  related  to  PI.  cafmnta. 
Lain.  De.«h.  11.  t.  6^,  f.  11,  12,  13  (a  fossU  of  the  Parw  Hasin), 
and  which  may  perhapa  be  merelv  a  vaiiely  of  that  species.  In 
stature  end  ^enntal  cliBtacttitBitrraembles  it  reijr  doe«ly ;  it«  etna 
are  however  very  dilTerent. 


FtraoB  EBOOLiBiB  P— PI.  IV.  fig.  56, 

A  ein^le  very  imperfect  specimcQ  which  may  probably  bo  a 
TBTiety  of  this  ipecios.  It  is  not  sufficiently  complete  to  allow  o( 
its  buiag  decided,  or  of  lU  characlers  being  g'lvea.  It  is  not  tsien 
certain  that  it  belongs  to  the  genua.  M,  d'Orbigny  conaidera  it  as 
a  distinct  ttpeciea. 

Navidad,  Chile. 


FUSUB  PIBULIFOEaiB. — PI.  IV.  fig.  50, 

Ftuut  testd  turbinafd,  anti<i  tpiralUer  tiUcald,  tpird  tubdrprtsto- 
coiicd,  rudi;  anfracti'biis  .3-4,  medio  tvberculatil,  tubrrculit 
tranitiersim  sulcnfis,  in  coitat  »iihdecurrentibu» ;  canali  elongato, 
trantuertim  sulcalo. 

Tliis  somewhat  reseraMes  the  Triton  clnvator.  Lam.  (n  recent 
species),  in  form;  its  spire  is  howuver  more  elevated,  and  its 
canal  shorter  in  proportion,  I  judge  it  to  ba  a  Fmii»  from  th» 
funeral  external  appearance,  but  cannot  be  quite  certain,  for  the 
stone  about  the  mouth  is  so  much  indurated  that  it  cannot  bs 
cleared  awny. 

Navidad,  Chile. 


FirsiTs  auBKEFLBiiTB. — PI,  IV.  fig.  67. 

\ajiB  (ettd  fuaiformi-turritd,  trantrrreim  ttriatd,  glrii*  b-reffu- 
laribtit,  anfrnctibut  novem,  medio  tubercidatit,  propt  tuturat 
tuba'!prtsti>  i  canali  mediocri  subrefltxo:  long.  2-1,  lot.  X; 
poll. 
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The  shell  to  which  this  hears  the  greatest  resemblance  is  a  fossil 
nBmed  Fasciolaria  BurdigalensiSf  Defr.  by  De  Bastoret  in  the 
'  M^moires  de  la  Soc.  d'Hidt.  Nat.  de  Paris ; '  in  our  shell  there  is, 
howeyer,  no  appearance  of  oblique  folds  on  the  anterior  part  of  the 
columella,  consequently  it  is  generically  distinct ;  while  in  other 
respects  it  is  sufficiently  ditferenty  as  may  be  seen  by  comparison. 
Its  spire  is  longer  in  proportion  to  the  last  volotioDy  and  \Xs  canal 
shorter. 

Nayidad,  Chile. 


FuBUB  NoiOHnoTB.^— PL  rV.  figs.  68, 69. 

Fu8U8  testd  ovato-fiutformi,  utrdque  iubacuminatdf  aqualif  an* 
fractibus  quin^ue  spiraliter  sulcatis,  ndcis  plerumque  seriatim 
pertusist  posttcis  Umgitudinaiiter  obtusk  costatis :  carudi  me» 
diocri,  mbascendente ;  mtvrd  distinctd, 

A  species  which  bears  some  resemblance  to  Fu8U8  Noa,  Lam. ; 
still  it  IS  not  nearly  related  to  that  species.  In  shape  it  resembles 
F,  lamelhsuSf  to  which  it  is  really  related,  but  it  is  quite  destitute 
of  the  lamellar  varices,  so  that  it  may  easily  be  distinguished. 

San  Julian,  Patagonia. 


FxjsuB  Patagonioub.— PL  IV.  fig.  60. 

Fusus  testd  ovato-oblofigdf  tenuiusctddj  muUifarihm  varicosd,  an« 
fractibus  posiich  angulatis;   varicibus  lamelliformibus,  aniid 
dfflea-iSf  postich  acumincUis^  interstitiis  transversiin  sulcatis; 
aperturd  subcirculari,  canaU  breviusctdo,  umJbilioo  vcdido. 

Nearly  related  to  Fusus  tamellosus  and  F.  MagellaniouSf  and 
apparently  connecting  the  two. 


PtBTJLA  DISTAITB.— pi.  IV.  ^St,  01. 


Pyrula  testd yiciformi,  tenmitsctildf  spird  brevissimd  obtusd,  anfrac* 
tibus  quatuor,  ultimo  mnximOt  decussatim  striata},  et  carinafOf 
ettrinis  11-12,  disfantibus,  nonnidlis  interstitialihus  minit$ 
elevalis:  long,  1*8;  lat,  l%poU, 

A  very  elegant  species  of  true  Pyrula,  somewhat  resembling 
P.  neailis  (a  tertiary  fossil)  in  general  appearance,  but  differing 
from  that  species  in  its  proportions,  being  much  wider  in  com- 
parison with  its  length,  and  having  a  much  shorter  spire. 

Navidad,  Chile. 


STBtJimoLAiui  ossm. — PL  IT.  fig.  63. 

StndhiotriTia  ieitd  ovald,  apiee  acummato,  an/riKtibut  wnu, 
»piraliler  Hrialin,  prope  luturam  cant^iculatit,  taagitiidinalitfr 
eotlatis,  eotta  abtusit,  imtico  cottii  duabta  gpiralUius,  cUoatU, 
an'i  mediam  potilu:   tuturd  proftaidd:  long.  OTj    lot.  Cf4J, 

poll. 

This  ia  tbe  only  fossil  apediM  of  this  wre  genus  I  have  ever 
Been.  Costs  of  a  large  vaciutj  are  f>)uiid  in  a  loose  claiej  snud- 
Btoue  at  Port  Son  Julian.  M.  d'Oihiyn;  eutertaius  Bome  doubt 
»t>oat  thu  being  a  Blrutbiokria. 

Santa  Cnu  and  Saa  Julian,  Patogaoia. 


Thitost  TEKEuouLoatrs.— pi.  IV.  fig.  63. 

Triton  tfttd  o>Ki/o-conicd,  trantetrtim  timuittr  itriald,  imfradfftuM 
unit,  poiticit  nria  unied  mtdiand  fu6errulonim  cinetit,  ultim» 
MfCia  CrAtu  mbobtoletii  tuberculi/eiv.  toitereuli*  totiiK  po»tictm 

majorilmi,  relii/uiaruJii  obiotelis;  varicibia  validie.  Iritiihercid^ 
fena:  lumj.  1(1;  lal.  1-06,  pilL 

This  maj  be  dislinguisbed  from  Triton  leueottoma  {^Rani-Un 
leucottoma,  Ijam.),  to  which  recent  species  it  is  most  nesrly 
rtlaled,  by  tbe  paucity  of  tubercles  forming  the  posterior  ron,  aa 
wyll  as  by  the  strongly  tubereulaled  varices,  and  by  its  bt-inj^ 
dnsiitiite  of  tbe  pits  which  are  so  distinct  behind  the  vaiicea  iu  tb.tt 
species. 

Navida3,  Chile. 


Tritom  LBucoBTOMoniES. — PL  IV.  Bg.  Gt 

Triion  lestd  ovato-oblongd,  ipird  Mind ;  an/ractibvt  tenia,  ttA^ 
ventiii-oiit  tpiraliter  ttdcatit,  ft  lonyttudtnaliter  cmtnta:  vari- 
cibut  liib-inxi/iiiariius,  rotandaiU,  trnwuieriim  tidcatit. 

This  species  resembles  Triton  leucoitom^  (^Urmellit  leacottoma. 
Lam.)  more  nearly  than  any  other  Bpeciex :  it  ditlers,  however,  in 
the  fnUowinp  particulars,  \\z.,  in  its  peiieral  form,  which  is  more 
oblong;  in  its  longitudinal  ribs,  which  are  aiuftller  and  mora 
numerous,  and  extend  nearly  the  whole  length  of  ench  volution  ; 
whereas  in  T.  leiux-ttoma,  they  are  little  more  than  elongated 
tubercles  oenr  the  middle  of  the  whorls. 
Hnafo  Island,  coast  of  Chile. 
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Cassis  honilifsb. — ^Pl.  IV.  ^^,  66. 

Cassis  testd  svhglohosd,  transversim  tenuiter  striatdj  apird  elev€H 
tiusculd,  anfractibus  sems,  ultimo  gihhoso^  serie  unicd  tuber* 
culorum  poUich  instructo;  labio  extemo  tenuiusculo,  reflexOf 
mtus  ksvi;  labio  colwnellari  expanao,  kevi:  hng,  1*6;  lot,  I'l, 
poU. 

A  second  rov7  of  small  tul)ercles  may  be  observed  occasionally. 
I  know  of  no  species  to  which  this  is  nearly  related. 

Navidad,  Chile. 

MoNOCEEos  AJiBioTms.— PL  rv.  figs.  66, 67. 

Monoceros  teatdsubglobosd,  crassiusculd,  laviusculd,8piraltter  obsolete 
costellatd,  aperturd  magnd^  labio  eaiemo  intiU  incrassato, 
umbiUco  parvOf  avgusto, 

A  single  specimen  in  very  bad  condition ;  considered  by 
M.  d'Orbigny  as  closely  related  to,  but  not  identical  with,  the 
M.  crassilabrum  of  Lamarck. 

Goquimbo,  Chile. 

GASTBiDnni.' — Novum  Oenu$. 

I  have  thought  it  necessary  to  designate  this  sin^nilar  shell  by 
a  new  generic  name,  because  its  characters  are  such  as  will  not 
permit  its  union  with  any  hitherto  established  genus.  The  shells 
to  which  it  appears  to  be  most  nearly  allied  have  hitherto  been 
arranged  with  Buccinum,  Ebuma,  and  Fums.  Such  is  the  Bucc. 
plumbeum  of  Chemnitz  (which  Swainson  has  designated  by  the 
generic  name  of  Pseudolica^),  and  which,  to  avoid  the  necessity  of 
adding  to  the  number  of  generic  names,  I  had  united  to  the 
Ebuma,*  Such  also  are  two  fossil  shells  described  and  figured  by 
Dedhajes,  under  the  names  of  Buccinum  Tiara  and  B./issuratum. 
One  shell  resembles  this  somewhat  in  form,  but  in  other  respects 
is  very  different,  and  this  has  been  placed  with  the  Buccina  in 
"Wood's  '  Suppt.,'  and  with  the  Fusi  by  Gray.    The  characters  by 

'  From  yaffTp:9ioy,  tfenfricidus. 

*  This  name  of  Pscudoliva^  by  which  Swainson  has  designated  the 
Buccinum  plumbeum  of  Chemnitz,  and  which  has  been  adopted  by 
Gray,  is  evidently  untenable  and  absurd,  because  employed  to  describe 
an  imaginary  affinity  to  Ouva,  vhich  does  not  exist.  To  Ebnma  and 
Buccinum,  llam.,  the  genus  is  nearly  related. 

'  Deshayes,  *  CoquiUes  fossiles  des  environs  de  Paris,'  tom.  ii.  pp, 
655,  656. 
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wliich  this  new  genus  may  be  kuown  and  distinguished  from  its 
allied  genera  are  a«  I'ollow : — 

TVifd  neniriaiid,  mifflobned,  tpird  brevi,  aT^radibtu  pottid  ad 
tvtufM  iid/'reMu !  aperturd  mama,  aixiii;  ranati  /Kaiif» 
an^utlo !  antico  Into,  reJtf.io .-  luhiu  arltfno  po»tiri  ineroMolo, 
atUici  tenuiore,  drnte  bretii,  »iJro  doriali  iiloneo,  pi-a/ie  etnlic'n 
partem  poaUo  i  labia columtUanincraMa:o,'.vpanio, pottiri i^tid 
oantUemci 


QksrutMvu  Cefa.— PL  IV.  fi(.t.  OB,  09. 

Gaatridtum  tettd  cejurformi,  lavigatd,antUi »iiiralitkr  tuleitd,  UAH 

I                    exirini  marline  antioa  crtnato:  long.  SSi  iat.  1'7, pvU.  I 

Navidod,  Oliile.  ■ 

Tebedra  coanxuTA PI.  IV.  figs.  70,  71.  B 

Terrira  te^d  Itcrntd,  taeijoculd,  anfractibut  mttlib  lumidiiw-ylit,  ^| 

Itotlici  tilled  im/irriid  obioletd  notiitu,  '•onfeUis  n  umpretu  Untyitu-  ^| 

drnaUbut,  ettD^u  i  aparbtrd  tolmnetidqua  tanil/ut.  ^M 

The  number  of  voluiiona  and  the  pMportione  cannot  be  given, 
fur  (liuie  ia  only  a  single  fragment  of  'Mi)  species. 
Hayidad,  CbUe. 

Tebebra  OTTDULiFEEi. — PL  IV.  figB.  72,  73. 

Ttrehra  testa  elongaio-turritd,  laviuieuld,  lineoUt  undulatit  tongi~ 
tudinnlibitl  confirtii,  po$tiiig  fortxoribui,  tettd;  anfracttbuM 
plurimiii,  pottiii  lumidiiarulu,  litifd  imprend  tubabtotfid,  medi» 
tubcon^acit ;  npeiturd  subrhomboidtd,  columnHd  iievi. 

There  are  only  tivo  fraji^ments  of  thia  species,  it  is  obviously 
impossible  to  nsctrrtain  the  number  of  volutions  or  the  propor- 

Navidad,  Chile. 

VOLUTA  TEIPLlCiTi.— PI.  IV.  Gg.  74. 

1'olula  tutd  elongato-obloiiffd,  >pir&  atUnuatd,  anfractibu*  i.tiu 
tpiralUer  con/ertim  »triatit,  ad  tutura»  adprrua,  deinde 
tubermlatit,  tubercutii  in  coitaf  aiUid  dtivrrmtibut ;  aperlurd 
oblongd,  limgitiidiann  spira  aquimte ;  calumelldlrijilicald,piicit 
obliqiiixjtiiiiaquaUbut:  long.'Z"2!i;  Iat.  Qi),peil. 

Thia, 


Appendix  to  Part  II.  621 

anteriar;  it  nearlf  Teeembles  in  geaeral  ^tpeuaiMe  the  fossil 
Folut<e,  mtiricina.  Lam.,  nnd  anffutta,  Desh,,  tiiongh  eaailj  djslio- 
guE«bable  from  both,  bj  the  circumataiice  of  the  tliree  folds  on  tha 
columella  being  \etj  nesrlv  equnl  in  our  Bpecies,  vhereaa  in  tha 
two  above  mentioned  the  poeterior  folds  k 


veiT  much  smaller  then  the  anterior:  moreover,  the  postarior 
part  of  the  volutions  lb  not  adprefsed  in  either  of  thooe  apedei, 
and  the  proportions  ore  aldo  difierent, 
Navidad,  Ohila. 


VOLUTi  ALTA.— PI.  IV.  fig.  76. 

Valuta  tettd  eiongato-rHaagd,  tpird  atfemtatd,  anfrartibui  lenu 
ffracilHut,  tjiiraliter  eor^ertim  itrintU,  prope  tuturas  adptiaii, 
deinde  tubBentricom  i  apertvrd  ohhngd,  labia  txtemo  erauiori, 
tubreftexo:  eolametld laut.piiru duabut aeuliutadUjperobligmti 
long.  7b',  tat.  2-76,poli.  circa. 

There  a  onlj  one  specimen  of  this  verj  reniarliable  ahell,  of 
which  the  aoterlor  part  is  so  imperfect,  that  no  part  of  tha  inner 
lip  or  of  the  canal  ia  to  be  seen,  consequentlj  tha  jiroporlions 
given  above  may  be  liable  to  a  slight  error.  The  species  is  nearer 
to  V.  Magettanica,  than  to  any  other  known  species ;  it  maj, 
however,  eaailj  be  distinguished  from  that  species  b;  tha 
characters  above  stated.  At  Snnla  Cruz,  there  are  two  casts, 
appareutl;  belonging  to  this  species,  but  conaidered  liij  M. 
d  OrbigDj  as  difierent. 

Navidad,  Ohile ;  Santa  Criu,  Patagonia  P 


-PL  IV.  figs.  76,  77. 

(Hiva  tttti  obkniffo-ovaid,  spird  acvmmatd,  apice  obtiuo:  OTt/tilcM&tM 
Mm*,  ultimo  Uned  tenuunind  traiupertim  dimidiaio ;  eolumeUd 
antici  plicit  quinque  aHiquii,  potttcd  mmori:  l<mg.  O'S;  bd, 
a&l.paU. 

This  species  varies  in  its  proportions ;  it  dilTers  from  all  other 
recent  or  loiisil  species  with  which  I  am  acquainted,  in  the  remark- 
able circumstance  of  ibi  having  a  broad  band  of  enamel  covering 
the  anterior  half  of  the  last  volution  above  or  behind  the 
columellar  band,  which  is  dialing iiisbed  from  the  posterior  part  of 
the  volution  by  a  very  fine  line,  behind  which  may  be  seen  the 
longitudinal  lines  of  growth,  these  Unes  beiufr  hidden  on  tha 
anterior  part  by  this  last  coverng  of  enamel.  This  species  bean 
a  genera]  resemblance  to  O.  itpidula,  a  eommoo  recent  spetnet. 
Navidad,  OhDa. 


DESTiUDK  aioiKTEUK.— PI.  n.  Eg.  1, 

Jietitalium  tttld  Urrfi,  recttiueuld.  tulrit  limgilwi  nal&iu  Tnanerorit, 
inlerttiliu  roCiatdatu !  ionff,:i2;  tat.  Hi, poll. 

This  spociea  anpeara  ocoasionaUy  to  grow  to  a  Tery  lftrg«  size, 
(br  uiie  frnrruiiiiit  that  la  one  inch  &nd  a  tbinl  id  leng'lh,  is  halt  an 
inoh  in  width  at  ila  RtmUler  extremity, and  eix-teDlbsof  an  inch  at 
it«  Inreer;  nhile  in  its  tbickfst  part  tha  shell  itself  is  O'lS  of  na 
inch  thidf. 

Navidnd,  Chile. 

DBSTiLicn  BDLCoarH.— PI.  n.  fig.  S. 


The  proportions  cannot  he  ^sea  ;  for  there  Ib  only  one  frsfr- 
ment,  which  Las  bijen  brnkcn  and  the  two  piecea  couftiruminated 
by  the  sandstone  ia  which  it  occun. 
Kavidad,  Chilo. 


DuKSklAVV  1UJC3.— PI.  II,  fig.  &. 


The  proportions  of  this  species  cannot  be  given,  hecsuse  ther« 
•re  only  Boine  fragments;  it  appears  to  be  one  of  the  larger 
species  of  the  genus,  probably  rea(?liing  the  dimeosions  of 
D.  itranffulare  of  Desliayes,  tab.  3,  fig.  4.  It  diiler?  from  that 
species  iii  the  circmustaiice  of  its  never  haviug  only  six  angles ; 
srid  it  diHera  from  D.  elephrmtinum  of  Deshayes  (which  I  have 
elsewhere  pnived  not  to  be  the  2J.  e^^Aanfinum  of  loDnieus)  in 
bi:ing  loi'G  rupiillj  attenuated,  and  in  being  straigbter. 
Huafo  Island,  coast  of  Ohile. 


Balandb  TARiiits.— pi.  II.  figs.  4,  G,  & 

Dalanvt  teetd  polymorph^,  valru  plemrnqjie  lievibaa,  nomturtoum 
radiatim  obtiisd  cotlalii,  apieibm  tubiicuminntu  i  valcA  oiuali 
modi  concavd,  modi  cyathiformi,  bati  acuminnii. 

This  is  a  very  ranmrkabla  as  well  as  a  very  variable  specie*. 
Its  porietal  valves  are  sometimes  smooth,  only  showing  the  lines 
of  growtb,  and  sometimes  covered  with  obtuse  radiating  ribs  j  and 
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tiie  ^ecies  belongs  tc  that  section  of  the  genus  which  has 
ecumiDated  and  solid  parietal  valves.  But  the  most  variable  part, 
in  form,  14  the  basal  valve.  It  is  ta  be  oijserved  that  in  moflt,  if 
not  in  all,  the  stJiciea  of  this  genus  which  have  been  brought  from 
the  Southern  tlemisphere,  it  is  the  hose  that  becomes  tubular 
whenever   an;   accidental   circumstance   causes   the   shell  to  bo 


elongated  ;  wbcreas  in  the  elon^rated  and  clavate  varieties  of  o 
common  species,  it  is  the  parietAl  valves  tl  at  are  lengthened  and 
not  the  basal.  Thus,  wiui  respect  to  the  present  species,  we  tind 
that  when  an;  number  of  individuals  are  placed  close  together 
when  verj  Toung,  as  thej  increase  Ihej  form  a  group,  of  which 
the  haaat  valves  grow  up  side  by  side  and  become  tubular,  without 
the  parietal  valves  changing  in  form ;  hence  in  some  specimens 
this  valve  is  concave  inconsequence  uf  its  having  been  placed  upon 
a  convex  substance,  and  at  a  distance  from  each  other ;  while,  in 
others,  which  have  been  placed  lerj  cloeelj  together  when  very 

Cmg,  this  basal  valve  has  taken  a  more  or  less  deep  cup  shape, 
ng  very  small  at  its  lower  extremity  and  incnamis  in  dunen- 
■ions  with  age 

Ban  Julian,  Patagonia, 


BAiAmra  Oo(nJiiiBBSHn.^Pl.  H.  flg.  7. 

Boianvt  Uitd  polymorphd,  valvu  lavibut,  nonmmquam  radatiat 
ttriatu,  lattralibia pottiei*  anguttionbut;  apieSnttmbtnMeatiti 
vpartvrd  parmdd. 

A.  remarkable  fact  is  observable  in  the  specimens,  both  from 
the  upper  and  lower  parts  of  the  formation ;  I  have  selected  one 
from  the  upper  bed  as  ahowiTig  it  most  distinctly.  In  consequence 
of  numerous  individuals  being  closely  grouped  together,  each  one 
ha*  been  compelled  to  lengthen  the  basal  valve,  so  as  to  form  a 
nearly  cyliodncal  tube,  closed  at  the  lower  part,  and  gradually 
increasing  as  it  ascends  unli'  it  joins  the  base  of  the  six  parietal 
valves;  this  increase  in  tLa  length  of  the  base  seems  to  have 
taken  place  more  rapidly  than  the  growth  of  the  animal  would 
permit.  A  portion  of  the  lower  part  of  this  ba«al  tube  has,  therft- 
fore,  been  filled  up  with  cells  or  veucles  separated  by  calcaieous 
septa,  very  irregular  indeed,  but  which  would,  nererthelesa, 
answer  the  purpose  of  supporting  the  base  of  the  animal  in 
the  tulie,  so  as  to  enable  the  animal  ta  oontinue  its  Titol 
fnnctioiis. 


Co^uimbo^  ChSok 
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DESCRIPTIOXS  OF  SBCONDABr  FOSSIL  SHELLS 
FaOM  SOOTH  AMEEUCA. 

BT-Pa.p.ssoB  E.  FORBES.  F.B.g.,  Ac.&a 


KitrnLCs  n'ORBiflNTASTTB,— K.  V.  fif(.  1.  (a)  L  (4). 

Siell  mntrieote  (probably »mootA  and alighUy  vmhiliciitfilt).  Moiitk 
Tmy  broad,  reniform.  Black  muadeil.  Suturrt  btnd  tuddml) 
tiiwarda,  md  near  to,  the  umbHicat ;  an  tht  bock  they  are  very 

ttightly  ainttated. 

ThU  specimen  is  vcrr  imperfect.  The  form  of  the  chaml^n 
rewmblea  thnt  seen  in  Naiifiltu  Soteerbyanut,  a  spKiea  described 
tto\a  cliQ  upper  greensnnd  bj  D'Orbignj.  The  geneTal  form  man 
nertrly  resi^EuljIig  Nautilia  t^vlyntia  of  the  sama  author,  a  species 
ftlso  from  the  t'raie  cklaritie. 
ConcepcioD,  Chile. 


HAuriEs  ELATiOR.— G.  B,  Sowerbj. 

Testd  mnynd,  crauimculd,  lam,  tiAcylindi-icd,  annulu  eleentU, 
contpietat,  tubcon/erlu,  omatd:  extremitatibta  invicem  propi 
admolii. 

This  ia  the  lar^eat  Hamite  I  have  seen ;  it  ia  oearlj  cylindrical, 
ftnd  il8  largest  diameter  ia  2 j  iaches,  its  smaller  bein^  2j.  Then) 
ate  tno  npecimens,  one  of  which  ia  ntiich  larger  thaa  tlie  other. 
The  amsller  shnwa  clearl;  the  near  approiimation  of  the  two 
eitraiuities.  The  apfciiLeas  have  been  loat  eiuca  Mr.  Darwia  • 
return  to  England,  and  ao  cannot  be  fij^ured. 
Port  Famine,  Tierra  del  Fuego. 

Pebka  Akebicaka.— PL  V.  figs.  4,  6,  6. 


Shell  lanceolale  f  venlrtcote,  cannated,  compretted  m  th«  eardinat 
region,  abruptly  truncate,  concave  at  the  oppoeite  tide,  to  that  th» 
trction  of  the  two  valoet  it  triangular  and  tomeivhat  cordate, 
The  tulcatioTU  of  the  htnye  are  large,  ntanfrout,  and  regular. 
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T?ie  surface  of  the  shell  appears  to  have  been  concentrically^ 
though  irregularly^  striated. 

The  specimen  consists  of  the  cardinal  and  apical  portions  of 
two  united  yalvds. 

Oopiapo,  Chile. 

AsTARTB  DABwnrn.— PL  V.  figs.  22,  23. 

8?ieU  broadly  ovate ,  much  compressed^  marked  with  rather  distant 
regular  concentric  ridges  ;  the  interstices  broad  and  concentri' 
caliy  striate ;  anal  and  oral  extremities  nearly  egualfy  broad ; 
breaks  very  obtus. 

Breadth,  1  ^\ ;  length,  Yi  \  thickness,  -^  of  an  inch, 

CopiapOy  Chile. 


Gbtph^a  Dabwiwii.— pi.  V.  fig.  7. 

Lotoer  valves  very  tumid,  elongattd^  arcuated,  laterally  compressed, 
and  much  incurved  at  the  rostral  extremity  ;  its  swface  unduf 
lated  by  distant  distinrt  sinuous  fwroios,  marked  with  lesser 
sulcations  or  sf nations.     Upper  valve  concave,  spatulate,  and- 
concentrically  furrowed. 

Length,  3g ;  breadth,  2 ;  distance  from  summit  of  beak  to 
lowermost  and  central  part  of  lower  valve,  2~  inches, 

Oopiopo,  Chile. 

GBTPHiEA  Nov.  Sp.  P— PI.  V.  figs.  8,  9. 

Zjower  valve  not  very  convex,  rugged,  angulated;  upper  valve  concave^ 
orbicular,  furrowed  with  deep  concentric  sulcations.  Apparently 
a  young  tpecimen. 

Length,  1 1 ;  breadth,  2^ ;  thickness,  ^  of  an  inch, 

CopiapOi  Chile. 

LuciKA  Amebicaka. — ^Pl.  V.  fig.  24. 

Sh^l  orbicular,  much  depressed,  the  surface  rough,  with  sharp^  re- 
gular,  elevated,  distant,  concentric  ridges  (about  twenty-five  on 
specimen  examined) ;  the  interstices  are  striated  concentrically. 
Length,  1^ ;  breadth,  the  same ;  thickness,  /^  of  an  inch. 

Id  shape  this  species  resembles  the  recent  Lucina  radula. 
[quique,  Southern  Peru. 
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Lccrsi  EXCBSTKici. — O.  ti.  Sowbrbx,  PI.  V.  fig.  21. 

Teitd  tubocali,  Itciter  tAin/uijitlvi,  Itn,  umhoru  tufunoo,  pattui 
mileo  pri'fimdo  «b  unihoiu  ad  mai-ginem  inferam  po*tiean  tl«- 
currrnte  ii>  alterd  valcd,  iRinuf  pro/undo  m  alt<rdi  long.  \-9\ 
lat.\-\  alt. 'J- pall. 

Like  Lucijia  CJiildreni,  the  two  rtilres  are  gomewbat  uoeqnal, 
linil  BOQu-liniea  the  right,  eometiroes  the  left,  vnlve  is  ihe  larmr. 
The  jmatorior  dorasl  groove  is  nenrer  the  otige  nnd  deej^er  llian 
in  LuciHa  Ptnnsylcanica,  and  the  whole  Kbell  ix  much  less 
orbicular.  The  present  speciea  may  be  regarded  as  ohlii^uely  tu^ 
oral 


I 


Port  Famine,  Tierra  del  Fu^, 


Sfiripeb  CHii.ESBTa. — PI.  ¥.  fi^.  15, 16. 

SAeH  tuborbieulat;  tumid.  Dor»al  value  deij>er  Ihan  thevtaitrai; 
cardinal  area  tAail't  than  the  traniefrte  ditnrter  of  the  vaht, 
tiicmffular,  eoncaoe,  bound  by  angulafed  ntnrytn*.  Pfr/bration 
loTictolato-triangnliir.     Cenire  cf  the  Jonal  valve  with  a  ralhet 

dei-p  and  brow!  tinae,  irbich,  as  mil  ae  the  title,  is/urroired  and 
ribbed.  Jfibi  simple  (about  Uomty-tvc.  of  which  four  betnitij  in 
the  Ji'nun),  bfcoming  obmlete  towardi  the  angles  of  the  cardinal 
area,  eiosscd  bif  Mtrongly  narked  tiauout  linet  of  grotvth.  Beak 
very  prominent  and  tomewhat  inctirved.  Dorsal  valoe  i-ibbea 
like  the  ventral,  four  of  the  riit  being  upon  the  rounded  but 
Kell-dejined  mesial  ridge.  Frontal  margin  of  both  vali>'s  slightly 
iinguiform. 

There  are  tico  varieties  of  this  shell,  the  one  much  more 
twnid  than  the  other. 

Dimmtions  of  largest  npectmen:  bi-eadlh,  1~;  breadth  of 
cardinal  tine,  Ij'j;  Img'h  ofd'Tsnl  naloe,  l^'j ;  a/ ventral  valne, 
]  inch ;  thickness  of  united  valvea,  ^of  an  inch. 

This  eliell  ncnrly  resHmbles  several  carboniferous  limestoae 
ipirirerd.  It  is  nlso  rulaCM  to  some  liasae  spetnes,  aa  &>irifer 
Wolcotii. 

Curdillera  of  Gumco.  ChDe. 


I 


Shell  orbicular,  globose,  surface  emooth,  undulated  towards  the  mai^ 
girt,  where  there  ore  nlso  a  few  strong  tranevree  furratoi  of 
growth.  Voices  nearly  equal.  Frontal  margin  not  projecting, 
bitimiated.     Mesial  furrow  of  dorsal  valoe  shallow,  lanceolatt. 


Appendix  to  Part  II. 


627 


hut  well  defined,  as  i$  also  the  mesial  ridge  of  the  ventraL   Area 
not  visible  in  specimens  examined. 

Breadth,  1|  \  length  nearly  the  same  ;  thickness,  1;\  of  an 
inch. 

Very  near  Spirifer  linguifera  of  Phillipe  (a  carboniferoufl  liiut- 
Btone  fof^),  but  probably  custiDCt 

Hio  Claro,  Vallej  of  CoquimbOi  Chile, 

Tebbbratula.  inoa. — PL  V.  figs.  10,  20. 

SheU  orbicular,  depressed,  surface  obsoletely  striated  concentrioallv ; 
the  furrows  of  growth  becoming  more  strongly  marked  towards 
the  margin.  Dorsal  valve  most  convex.  Frontal  margin  ob- 
soletely bisinuated,  and  in  young  specimens  slightly  truncate. 
Beak  of  dorsal  valve  very  prominent-  and  incurved,  obtusely 
angled  at  the  sides^  terminating  in  a  {small  f)  perforation.  Area 
very  small  but  distinct 

Length  of  dorsal  valve,  1^;  breadth,  l^ofaninoh;  thick* 
ness,  1  inch, 

Iquique,  Southern  Pent 


41 
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